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ABSTRACT 
The principal aim of this study was to advance the understanding of aquatic 
hyphomycete fungi in streams of Australia, where previously very little work had been 
carried out. 
To achieve this aim, several projects were carried out in one selected stream ecosystem 
(Lees Creek; ACT, S.E. Australia). These projects included: an examination of the 
litter resource of aquatic hyphomycetes by measuring litter inputs to the stream and 
litter decomposition in the stream; determinations of the patterns of fungal occurrence 
on the litter; an attempt to manipulate patterns of fungal occurrence on a resource 
through chemical extraction treatments; investigations of temporal variation in the 
fungal stream spora; investigations of the spatial changes in fungal spora along 
headwaters and lower reaches of the stream. In addition a survey was made of stream 
spora in a range of streams in the Northern Territory, Northern New South Wales, 
Southern New South Wales and Victoria, for a comparison with the aquatic 
hyphomycete community of Lees Creek. 
Litter input into Lees Creek was 4.5t ha-1 yr-1, with leafy materials accounting for 
56% of the total. There was a six fold difference between maximum monthly litter 
input in summer and minimum input in winter. Leaves of Eucalyptus viminalis and 
phyllodes of Acacia melanoxylon both broke down faster in winter than in summer. 
Thus more litter resources are available to support the aquatic hyphomycete 
populations in Lees Creek in summer than in winter. The litter resource can be broadly 
classified into persistent materials (bark and twigs) and non-persistent materials (leaves 
and phyllodes). In summer the non-persistent resources dominate the fungal resource 
base; persistent litter is prevalent through the year. 
Over a three year period the fungal spore concentrations in Lees Creek averaged 
around 2,500 spores L-1, but there were strong seasonal fluctuations with high 
concentrations during late summer and early autumn (maximum 8,500 spores L-1) and 
low concentrations during winter and spring (minimum 600 spores L-1 ). The 
availability of litter in the stream was evidently the dominant factor determining these 
seasonal patterns. There was little change in species richness, but the relative spore 
concentration of individual fungal species changed markedly. Most major species had 
higher spore concentrations in summer/autumn and lower concentrations in 
winter/spring, e.g. Tetrachaetum elegans, Lunulospora cymbiformis, Flagellospora 
sp.33 and F. penicillioides. Other major species, e.g. Clavariopsis aquatica and 
Alatospora acuminata were more-or-less constant throughout the year. The relative 
abundance of species in the stream spora was strongly reflected in their relative 
abundance in naturally occurring litter taken from the stream, and also on samples of 
fresh litter inserted into the stream. 
On leaves and phyllodes inserted into Lees Creek aquatic hyphomycetes were first 
detected after one week in summer and after two weeks in winter, and thereafter until 
the litter had completely broken down. Chemical leaching treatments of litter before 
immersion in the stream sped up the colonization rate of most individual species, 
suggesting that both leaves and phyllodes contain minor amounts of inhibitory 
compounds. 
Evidence was found of successional change in patterns of fungal occurrence on several 
litter types. On leaves and phyllodes inserted into the stream in summer, the species 
most frequently detected in the early stage of decomposition were fungi such as 
T. elegans and L. cymbiformis; when these later declined, F. penicillioides and 
Flagellospora sp.33 tended to dominate the middle stages of succession; and 
A. acuminata consistently dominated the late stages. Species characteristic of the early 
phase appear to have either one of two colonization strategies: to saturate the stream 
with numerous small spores (L. cymbiformis); or to have relatively few, large, well 
resourced tetraradiate spores which impact very efficiently on litter (T. elegans). 
No evidence was found for absolute litter resource specificity from comparisons of 
fungi sporulating on eight different litter types sampled from the stream. However, 
many species of hyphomycetes showed a clear preference for some litter types, e.g.: 
L. cymbiformis and T. elegans were most abundant on leaves of E. viminalis and 
Pomaderris aspera; and A. acuminata on ferns, sedges and persistent litter types such 
as eucalypt bark. Differences in the physical structure of different types of litter were 
considered to be the main discriminating factor, with chemical and nutritional 
differences providing possible subsidiary explanations for litter preference amongst the 
aquatic hyphomycetes. Differing litter preferences, e.g. for persistent versus non-
persistent materials, and differing responses to water temperature, appear to be 
important factors determining patterns of seasonal occurrence of a species. 
Downstream from the sources of two headwater streams of Lees Creek, both the 
number of species and number of spores increased rapidly in the stream. Marked 
differences in dominant species between the two streams, and the labile nature of 
populations within each, suggested that there was a significant stochastic element to 
the composition of headwater communities, perhaps reflecting the importance there of 
chance inoculum arrivals from outside the stream. 
Further down in the main section of Lees Creek, the number of species and 
concentrations of spores continued to increase in a downstream direction, but in a more 
gradual and predictable manner. A simple computer model was developed to gain an 
insight into the dynamics of spore inputs and spore losses in a fungal spore population 
moving down such a stream. This gave rise to a method of graphical analysis which 
permitted real inputs and outputs of spores to be estimated for some fungal species in 
Lees Creek, and revealed unsuspected patterns of population change in others. 
The aquatic hyphomycete community in Lees Creek was found to be representative of 
streams of the local region, and to have more in common with other streams of SE 
Australia than with streams of N. NSW and the Northern Territory. Only one species 
(L. curvula) was found to be common in streams of these three widely separated 
regions. Aquatic hyphomycete species richness declined from south to north, which 
indicates that mean water temperature influences species composition of a stream. 
Spore abundance, however, was found to be related to litter availability, being highest 
in a NSW rainforest gully stream and lowest in a NT river running through 
predominantly grassland vegetation. 
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CHAPTER 1 
INTRODUCTION 
1.1. THE AQUATIC HYPHOMYCETES. 
1.1.1. Hyphornycetes 
Hyphomycetes is a large class within the fungal subdivision Deuteromycotina. Both 
Hyphomycetes and Deuteromycotina are artificial classifications which make no claim to 
represent phylogenetic relationships. Hawksworth et al. (1983) defined the 
Deuteromycotina (common name imperfect fungi) as a miscellaneous assemblage 
characterized by the absence of a sexual state. Most imperfect fungi reproduce by means 
of conidia, asexual spores formed by abstriction of single cells or organized groups of 
cells from specialized hyphae called conidiophores. The class Hyphomycetes includes all 
those imperfect fungi in which the conidia/conidiophores are naked, and unenclosed by 
any form of multi-hyphal fruiting structure (cf. Coelomycetes). 
1.1.2. Aquatic hyphornycetes 
Nine thousand species ofHyphomycetes (Hawksworth et al. 1983) have been described 
on the basis of differences in spore and conidiophore structure, and in the manner of 
2 
spore formation. A subset of these, 300 species at last count (E. Descals et al. cited in 
Webster 1992), occur typically as saprophytes on decaying plant litter in freshwater 
streams and rivers. These aquatic hyphomycetes are remarkable for the constancy of 
spore shape between species. Thus the great majority of those fungi which occur in well-
aerated fast-running freshwater, have non- pigmented spores of one of the following two 
characteristic shapes: (i) staurospores with four or more main arms radiating outward in 
three dimensions. (ii) scolecospores formed from a single threadlike body bent in either 
two dimensions (falcate) or three dimensions (sinuate). 
Such spores are uncommon elsewhere, and where found outside streams and rivers still 
occur in substrates where some water flow is to be expected. Some species included in 
the aquatic hyphomycetes have also been recorded from moist terrestrial habitats 
(numerous reports listed in Bandoni 1981), often in leaves collected from stream banks 
(Sridhar and Kaveriappa 1987) or by intercepting tree stem flow caused by rainfall 
(Bandoni 1981). Other species with spore shapes characteristic of aquatic hyphomycetes 
have been recorded from rain drops collected from leaf surfaces or rain water draining 
from trees (Ando & Tubaki 1984a). The constancy of spore shape within the freshwater 
habitat suggests that it has evolved in response to specific selection pressures found 
there. Certainly it is not a feature which reflects common phylogenetic origins (Ingold 
1974). With increasing study of aquatic hyphomycetes, an increasing number of them 
have been shown to possess a sexual stage. While this mostly seems to link them to the 
Ascomycotina, there are also some species clearly linked to the Basidiomycotina e.g. 
Webster & Descals (1979), Abdullah et al. (1981), Marvanova & Bandoni (1987), 
Marvanova & Staplers (1987), and a few species of Zygomycotina also have staurate 
spores. 
3 
1.2. SPORE TRANSMISSION. 
1.2.1. Water borne spore dispersal 
The aquatic hyphomycetes cycle continually between mycelial and spore forms; an active 
vegetative feeding phase and a passive dispersal phase. This cycling is necessitated by the 
nature of the fungal food resources. These dead organic residues, often of quite limited 
size, eventually become entirely depleted and used up by the fungi and other organisms 
feeding on them. So the spore form is essential for fungal continuity to provide for 
transmission between litter resources. This is achieved by waterborne dispersal of 
asexual spores (conidia). The role of the sexual stage in fungal cycling in streams is 
unknown (Biirlocher 1992a). Dispersal via sterile mycelia growing from one leaf to 
another has not been observed (Barlocher 1992b). 
Spores released in the stream are carried along passively within the flowing, turbulent 
water. The distance that an individual spore might travel is not known. 
At some point they may be collected on pieces of litter in one of several different ways. 
(i) There may be chance contact with floating leaves etc. mainly in the same body of 
water. (ii) Spores may impact on pieces of litter projecting into the flowing water, 
carried on by their momentum into these targets. (iii) In slow moving water, with low 
turbulence, the spores, which are slightly more dense than water, will sediment to the 
bottom where they may come to rest on pieces of litter which sedimented before them. 
(iv) Spores may be filtered or strained out of the water where it seeps through debris 
dams. 
1.2.2. Adaptive sienificance of aquatic hyphomycetespore morpholoey 
Probably a spore of almost any shape will be satisfactory when carried along in a 
turbulent flow of water. And compared with airborne spores, there is a less strict upper 
limit on size because of the much greater density of the medium, not much less then the 
density of the spores. Water-borne spores can therefore be expected to have very low 
velocities of sedimentation. So the morphology of the spores must be related mainly to 
the end of the journey and the need to land securely on pieces of litter. 
1.2.2.1. Size 
Aquatic hyphomycete spores are on average, very much larger (50 - 250 µm) than 
spores of airborne hyphomycetes (8 - 40 µm). This increase in size probably increases 
the chance of a spore making contact with a substrate (Cox 1983); more specifically 
large size probably increases impaction efficiency as happens with airborne spores 
(Whitney 1976). 
1.2.2.2. Shape 
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The evolutionary convergence of spore shape in aquatic hyphomycetes has been related 
to efficiency of collection of spores on to solid targets projecting into flowing water 
(Webster & Descals 1981). The tetraradiate spore form was shown (Webster 1959) to 
have the highest trapping efficiency on a collodion coated glass rod. Sinuate spores were 
also trapped but at a lower efficiency. The shape seems to have less to do with making 
contact with a target, than with avoiding being washed off after contact. In airborne 
spore dispersal the best shape for maximum efficiency of impaction is a sphere (Whitney 
1976). The three dimensional nature of both the tetraradiate and sigmoid spores, means 
that when in contact with a surface, the force of water flowing past, tends to press points 
or angles of the spore hard against the solid surface (Webster & Davey 1984, Webster 
1987). If the water does dislodge the spore, it induces a tumbling action bringing other 
points or angles of the spore into contact with the surface (Webster & Davey 1984). 
1.2.3. Attachment to substrate 
The shape of the spore resists it being dislodged too rapidly, but firm attachment is 
achieved by mucilaginous glues. It has been shown that an adhesive mucilage is present 
at the tips of spores of aquatic hyphomycetes either before contact or immediately 
following contact (Harrison et al. 1988, Read 1990 in Read et al. 1992). 
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1.3. INVASION AND COLONIZATION OF THE RESOURCE 
1.3.1. Germination 
After attachment to the litter, the spores germinate. Germination involves the part of the 
spore in contact with the litter, i.e. the tips of the arms in tetraradiate spores (yY ebster 
1987), from the ends of small filiform spores (e.g. L. cymbiformis pers. obs.), or 
anywhere along the spores length in the case of multiseptate filiform spores (e.g. A. 
crassa pers. obs.). During germination, part of the wall of the spore bulges out and the 
protoplasm advances into a tubular germ tube. Germ tubes may be very short, or grow 
for some distance along the surface, but they soon form an appressorium - a flattened 
region at the tip of the germ tube which is pressed and glued against the surf ace of the 
substrate .. 
1.3.2. Entry into litter resource 
At present the formation of a penetration peg by the appressorium, typical of pathogenic 
fungi (Whitney 1976) has not been observed for aquatic hyphomycetes (Read 1990 in 
Read et al. 1992). But it seems probable that aquatic hyphomycetes can enter directly in 
this way. On leaves of E. viminalis I have occasionally observed a hypha from a 
germinated spore to grow briefly along the leafs surface more-or-less directly to a 
stomate, then turn down into the stomate as if making that mode of entry into the leaf. 
Until this stage the spore has probably had to rely upon endogenous reserves, although 
Read (1990 in Read et al. 1992) has suggested that aquatic hyphomycetes appressoria 
may have an assimilatory role without, however, suggesting actually what might be being 
assimilated or from where. Most likely, the fungus cannot commence to gain 
nourishment until it has successfully penetrated the litter. 
1.3.3. Colonization of litter resource 
The early stages of the establishment within the litter resource have not been studied. 
Aquatic hyphomycetes have been shown to be capable of producing a wide range of 
enzymes (Chamier 1985, Zemek 1985, Zare-Maivan & Shearer 1988). So it is probable 
that soon after entering the resource these enzymes are used by the fungus to start 
degrading litter tissues to resource growth. Once the fungus has established itself within 
the litter, it can extend its territory by hyphal growth and branching. Also, remarkably 
little is known about this phase of the process in aquatic hyphomycetes. 
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It has been shown that for terrestrial lignicolous fungi colonizing tree stumps there is 
considerable effort by the fungi to capture and defend as much of the resource as 
possible (Todd & Rayner 1980). While this strategy would seem appropriate for large 
persistent resources, it certainly seems not to be the case for aquatic hyphomycetes 
colonizing leaflitter. For example, Chamier et al. (1984) reported up to six species and 
ten isolates of aquatic hyphomycetes occurring together on small 2 by 2 mm squares of 
alder leaves. When the inside of a cleared leaf is viewed with a microscope, hyphae of 
different species of aquatic hyphomycetes, and presumably different isolates of the same 
species appear to intermingle freely, suggesting that the strong antagonistic territoriality 
observed in wood decaying fungi are absent among species of aquatic hyphomycetes 
occurring within leaf tissues. However, when grown on culture media, strong 
interspecies interactions have been shown to occur by Khan (1987) who tested six 
species and Shearer & Zare-Maivan (1988) who tested 25 species including lignicolous 
freshwater ascomycetes. Intraspecific interactions if present, were shown to be weak by 
Barlocher (1990a) who tested isolates from five species. Shearer & Zare-Maivan (1988) 
found in their study that in 97% of fungal pairs tested for interactions, at least one was 
inhibited. The least inhibitory species were generally those occurring on leaf materials, 
while those on wood were more inhibitory in their interactions. Species tending to be 
most resistant to inhibition were those which tended to be found on wood while species 
more commonly found on leaves were less resistant to inhibition (Shearer & Zare-
Maivan 1988). 
1.3.4. Reproduction 
Some time after establishment and probably before the colonization phase is completed, 
the fungus begins to reproduce. In the early stages of eucalypt leaf and Acacia phyllode 
decomposition, I have observed that conidiophores usually exit via stomates. But as the 
decomposition process continued, conidiophores could appear anywhere on either side 
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of the leaf or phyllode. When fully developed and mature the spores are released from 
the conidiophore into the water current. In a competitive environment the switch to 
reproduction ultimately involves the fungus diverting some energy away from capturing 
new resources and thereby potentially limiting future reproductive output. Some 
indication of the commitment of resources to reproduction was provided by Findlay & 
Arsuffi (1989) who allowed leaves of three tree species to be colonized by stream fungi. 
They found that during the early stages of decomposition "carbon released as spores can 
be a significant quantity relative to the production of hyphal carbon, ranging from 18% -
122% of hyphal production". 
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1.4. ECOLOGICAL RESOURCES OF THE AQUATIC HYPHOMYCETES. 
1.4.1. The food resources of aquatic hyphomycetes 
Some aquatic hyphomycetes have been found to occur on tissues of living plants in 
streams. Isolations of aquatic hyphomycetes have been made from bark and xylem 
tissues of living submerged tree roots (Fisher et al. 1991; Marvanova & Fisher 1991; and 
Sridhar & Barlocher 1992a,b ). The persistence of aquatic hyphomycetes on this resource 
is unknown, as is the durability of the resource. 
Most aquatic hyphomycetes have been found on a wide variety of decaying litter types in 
streams such as leaves of: aquatic macrophytes; deciduous and evergreen broadleaf trees 
and shrubs; conifers; grasses; and bark and wood (e.g. Iqbal et al. 1979 & 1980; 
Barlocher 1981; Chamier & Dixon 1982; Sridhar & Kaveriappa 1988 & 1989; Revay & 
Gonczol 1990; Kirby et al. 1990). 
1.4.2. Persistence and decomposition of the resource 
All these litter types ultimately break down. With the most detailed data on the 
breakdown process being available for the decomposition of leaves. There are three well 
recognized phases in decay of moderately labile plant detritus, such as leaves, within 
well- aerated freshwater environments (Moss 1988): (i) a brief period of aqueous 
leaching of soluble components; (ii) a period of microbial colonization; (iii) a period 
dominated by invertebrate feeding activities. The first phase involving a brief period of 
leaching has recently been called into question. Recent work on fresh rather than dried 
leaves has shown that the leaching phase may be relatively far less important than 
originally thought (Boulton & Boon 1991). The first and the second phases mainly 
involve processes of chemical/biochemical decomposition of litter material; the third 
phase is dominated by processes of physical/mechanical disintegration, resulting from 
invertebrate feeding, water flow and abrasion (Webster and Benfield 1986, Chergui & 
Pattee 1988a). Even after plant material has lost its physical integrity, and been reduced 
to fine particles in the form of broken tissue fragments and cell residues in invertebrate 
frass, the decay process continues through an extended fourth phase (Collier 1988, 
Boulton and Boon 1991). This latter phase involves three main elements: (i) 
consumption by filter feeding animals, which catch fine particles as they are washed 
downstream; (ii) precipitation and incorporation of residues into the biofilm of organic 
slime and microorganisms which covers most solid surfaces in freshwater habitats; (iii) 
accumulation in sediments, where anaerobic microbial activities predominate. 
Decomposition rates of leaves have been shown to be influenced by the physical and 
chemical make-up of leaves, thus the rate of decomposition negatively correlates with 
lignin levels (Melillo et al. 1982), presence of inhibitory chemicals (Stout 1989), and 
presence of waxy cuticles (Barlocher et al., 1978). In northern hemisphere streams, 
decomposition rates have been positively correlated with water temperature (Inversen, 
1975; Webster & Benfield, 1986), and this can be expected to effect persistence of the" 
fungi. 
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1.5. SUBSTRATE RELATIONSHIPS 
1.5.1. Litter preference 
The extensive documentation concerning the occurrence of aquatic hyphomycetes on a 
wide range of litter types from many regions of the world, has shown many species of 
aquatic hyphomycetes to be a ubiquitous component of the mycoflora colonizing 
decaying plant materials in streams. However, the relative abundance of various aquatic 
hyphomycetes changes between different resources, in a way which suggests that the 
different fungi have preferences for particular kinds oflitter resource (Gonczol 1975 & 
1989; Chamier & Dixon 1982; Bengtsson 1983; Sridhar & Kaveriappa 1988; Revay & 
Gonczol 1990). On a larger scale, changes in relative abundance of aquatic hyphomycete 
species in the stream spora have been shown to coincide with changes in the floristics of 
the riparian vegetation (Gonczol 1975, 1987 & 1989; Thomas et al. 1989). However, 
since these larger changes usually also coincide with downstream changes in physical and 
chemical properties of the stream, it is difficult to assess whether the change in riparian 
vegetation or change in chemical and physical conditions in the stream is responsible for 
the changes in species dominance reported for the stream spora. 
Most of the studies which have recorded litter resource preferences amongst the aquatic 
hyphomycetes have done so from a relatively narrow resource basis. The units of 
comparison are usually restricted to the leaves of riparian trees and shrubs, the study by 
Revay & Gonczol (1990), who dealt with beech and alder leaves and twigs, being the 
exception. 
In Australia, because of the substantial contribution of non-leafy components to litterfall, 
a wider range of litter components from the riparian vegetation needs to be investigated 
from the point of view of resource preference, and its role in determining the 
composition of the fungal community of a stream. 
1.5.2. Succession on litter 
In some studies, the relative abundance of different aquatic hyphomycete species has 
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been shown to change in the manner of a succession as the resource decays (e.g. 
Chamier & Dixon 1982 - on leaves followed for six months; Sridhar & Kaveriappa 1989 
- on leaves of five species for one year, in two sequential years; Revay & Gonczol 1990 -
on twigs followed for one year; Shearer & Webster 1991 - on twigs for six months). But 
other studies appear to have shown that the first fungi which chance to arrive on a 
resource tend to remain dominant throughout (e.g. Sanders & Anderson 1979 - on wood 
for three months; Barlocher & Schweizer 1983 -on leaves for three months; Barlocher 
1982 - on leaves and needles for seven months). Biirlocher (1982) recognized two 
groups of fungi colonizing oak, larch and spruce leaves: early, common colonizers which 
dominated throughout the study; and late, rare species. There is from the above, a slight 
indication that the longer the resource takes to decay the greater the chance for 
substantial changes to occur among the fungal community on the resource. The wide 
variety of litter types which enter Australian streams, many of which seem likely to be 
very persistent (bark, gum nuts, twigs etc.) enable a test of the above suggestion. 
1.5.3 Interactions with other organisms 
The fungal mycelium present within the litter will also be involved in interactions with 
other organisms associated with the litter decomposition process. However, the nature 
and magnitude of these intertaxa interactions is poorly known. It seems likely that the 
decomposition of litter in streams involves synergistic interactions between fungi, 
bacteria and invertebrates. However, the role of fungal mycelium in the invertebrate 
feeding phase of littter decomposition is still subject to speculation. 
1.6. SEASONAL CHANGES IN HYPHOMYCETES COMMUNITIES 
1.6.1. Chan2es in the aquatic hyphomycete stream spora 
The period of greatest sporulation by aquatic hyphomycetes has been shown to be 
closely allied to highest fungal biomass within a substratum (Findlay and Arsuffi 1989, 
and Suberkropp 1991). 
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The stream spora has been sampled by a variety of methods. Semi quantitative 
approaches have relied on the spores being entrapped in foam e.g. Willoughby and 
Archer (1973), Gonczol (1975), Lindsay and Glover (1976), Marvanova (1984), or have 
relied on observing spores that have impacted: on cellophane e.g. Lindsay and Glover 
(1976), on plexiglass slides e.g. Muller-Haekel and Marvanova (1979). 
Iqbal and Webster (1973) were the first to quantitatively sample the stream spora by 
filtering a measured volume of water through a cellulose acetate membrane filter, a 
procedure which subsequently became known as the membrane filtration technique. The 
filter trapped all of the spores in the water on its surface. By staining the spores and 
rendering the filter transparent to light with high refractive index mounting media, the 
spores on the filter's surface could be observed under the microscope, permitting spores 
to be identified to a particular species and also counted (Iqbal and Webster 1973). This 
membrane filtration technique has become the standard procedure used to study the 
fungal spora in many streams. 
In streams where the fungal spora has been monitored over time, seasonal changes in the 
number of spores are often reported e.g. Iqbal & Webster (1973 & 1977), Barlocher & 
Rasset (1981), Wood-Eggenschwiler & Barlocher (1983), Aimer & Segedin (1985a), 
Shearer & Webster (1985a), Akridge & Koehn (1987) and Thomas et al. (1989). These 
seasonal changes are usually tied by circumstantial evidence to litter inputs to the stream. 
Where no marked seasonal trends were obvious in the fungal spora, as has occurred in 
streams flowing through some coniferous forests, the absence of seasonality in litterfall 
has been advanced as the reason e.g. Barlocher & Rasset (1981). However, in none of 
the above reports mentioned, was there any attempt to simultaneously measure litter 
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inputs into the stream coincident with fungal sampling. 
1.6.2. Changes in occurrence on litter 
In the most comprehensive study of seasonal occurrence of aquatic hyphomycetes on 
leaf litter Suberkropp (1984) introduced oak and hickory leaves into a stream every four 
weeks for a year, sampling by replacement. A number of species were found to be 
distinctly summer species (Flagellospora penicillioides, Lunulospora curvula, 
Clavatospora tentacula and Triscelophorus monosporus) other species were distinctly 
winter species (Flagellospora curvula and Lemonniera aquatica) several other species 
were also more frequent in the cooler months over autumn, winter and spring rather than 
summer (Alatospora acuminata, Anguillospora longissima and Clavariopsis aquatica), 
only one species Tetracladium marchalianum was present more or less equally 
throughout the year. However, growth rate versus temperature data derived from culture 
work only partly explained the seasonal occurrence of these species at the different sites 
in the stream (Suberkropp 1984). 
1.7. STUDIES ON CHANGES IN HYPHOMYCETE COMMUNITIES ALONG 
RIVERS 
There have only been three previously published studies of quantitative changes in the 
fungal spora along a waterway as detected by membrane filtration of stream water (e.g. 
Shearer & Webster 1985a & b; Akridge & Koehn 1987; Suberkropp et al. 1988), an 
objective of two of these investigations being to also study seasonal changes. 
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Three sites along the River Teign (England) were sampled monthly for four months 
(November to February, four replicates each sample) by Shearer & Webster (1985a & 
b). At site 1 the stream formed by the union of Gallaven Brook and Walla Brook has 
flowed through 1.8 km of treeless moorland; 100 metres below site 1 the stream enters 
the North Teign River, which then flows through a steeply wooded valley to site 2 
(approximately 5 km from site 1); between sites 2 and 3 (approximately 13 km) the river 
passes through a short section of farmland then through a long wooded valley. In the 
peak month for spore (November) the spore concentrations rose markedly in a 
downstream direction, from 161 sporesL-1 at site 1, to 6,249 sporesL-1 at site 2, to 
22,021 spores L-l at site 3. Number of species rose less substantially, from 30 (site 1) to 
34 (site 2) and eventually 39 (site 3). 
Suberkropp et al. (1988) sampled five sites (three replicates) along the River Erms 
(Federal Republic of Germany) at intervals over ten months, with the objective of 
examining the impact of sewage treatment plant effluents on aquatic hyphomycetes. Sites 
sampled were 250 m from the source (site 1); 3 km from source (site 2); 11 km from 
source (site 3a); 12 km from source (site 4); 14 km from source (site 5). Vegetation was 
sparse down to site 2 but thereafter, the river was densely shaded at the remaining sites. 
Two sewage outfalls were located, one just after site 3, and one half way between sites 4 
and 5. During November the time of maximum spore concentrations,there was an 
increase downstream from approximately 150 spores L- l at site 1; 2,400 spores L- l at 
site 2; 16,500 spores L- l at site 3; 18, 700 spores L- l at site 4; and 20,000 spores L- l at 
site 5. Data were not given for fungal species richness. 
Akridge & Koehn (1987) sampled three sites along the San Marcos River in Texas, from 
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the point where the stream exits a dam (site 1), then 1.6 km (site 2) and 3.2 km (site 3) 
downstream of the dam. Vegetation was sparse between sites 1 and 2, but dense 
between sites 2 and 3. In December, the time of maximum spore concentrations, there 
were increases from twelve sporesL-1 at site 1, to 105 sporesL-1 at site 2, and 1,258 
spores L-l at site 3. The number of species increased from 4 (site 1), to 6 (site 2) and to 
7 (site 3). 
All of these authors suggested that changes in streamside vegetation were probably the 
major reason for the increases in spore concentrations and number of species 
downstream. Certainly the major changes in spore concentrations coincided with the 
major changes in vegetation: a 39 fold increase between sites 1and2 in the River Teign; 
a 41 fold increase between sites 2 and 3 in the River Erms; and 12 fold increase between 
sites 2 and 3 in the San Marcos River. Shearer & Webster (1985a) pointed out that other 
factors might also be important, but given the overwhelming vegetational effects in these 
three cases, it would be difficult to detect changes resulting from other causes. 
Concerning the effects of sewage inflows studied by Suberkropp et al. (1988), it was 
concluded that these had no impact on the hyphomycete community. 
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1.8. AUSTRALIAN STUDIES. 
1.8.1. Aquatic hyphomycetes 
Curiously the first record of an aquatic hyphomycete in Australia was from a terrestrial 
occurrence in 1957 of the sexual stage of Flagellospora penicillioides (cited in Kable 
1967). Aquatic hyphomycetes actually taken from Australian streams first came to the 
attention of Prof. C. T. Ingold during 1962 from samples of stream foam sent to 
England, where six species were recorded (Cowling 1963). The first published record for 
these fungi in Australia was by Cowling and Waid (1963). Generally, most published 
records are short lists of species and contain few illustrations of the fungi and little or no 
ecological information e.g. Cowling and Waid (1963), Tubaki (1965), Swart (1986) and 
Cribb (1991). However, material in the unpublished honours theses of Cowling (1963) 
and Price (1964) is more detailed. Both of these authors sampled a range of streams and 
leaf types including eucalypt leaves on which they found respectively just four and six 
species of aquatic hyphomycetes. Eucalypt leaves were considered by Cowling (1963) to 
be poorly colonized by aquatic hyphomycetes. 
Cowling (1963) recorded 53 hyphomycete species of which 28 were previously 
described, Price (1964) identified 21 species including some species usually considered 
to be terrestrial species, and recorded a further 22 unidentified species. She also found 
only six species in summer, but 37 species in winter. Price (1964) appears to have been 
the first to record aquatic hyphomycetes from pine needles (Pinus radiata. D.Don). She 
also described a few species, one of which was new, though no formal description of the 
latter was ever published. Two papers, each describing a new species have been 
published by Price and Talbot (1966) and Shaw (1972). 
1.8.2. Litter input and breakdown in streams 
1.8.2.1 Litter input 
Streams flowing through southern Australian eucalypt forests receive peak litter inputs 
over the summer (Campbell et al. 1992a 40 - 50% of total) and early autumn months 
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(Lake 1982), and at a time of low stream flow and high water temperature (Bunn, 1986). 
In contrast to the relatively well studied Australian open forests, the litter from riparian 
vegetation has received little attention. In a study of litterfall in a river red gum swamp, 
Briggs and Maher (1983) found leaf fall accounted for between 21 % - 29% of total 
litterfall. A similarly low contribution by leaves (25%) to total litterfall was reported for 
litter input into an upland Victorian stream (Blackburn and Petr 1979). In that study, 
bark and woody material together accounted for up to 66% of the total litter, but it 
needs to be noted that in this study sampling was only carried out for four months over 
winter. Campbell et al. (1992a) measured litter input into the Loch River (Victoria) and 
found lateral movement from the stream bank accounted for less than 10% of total litter 
input. They also found that leaves accounted for 60% of total litterfall, eucalypt leaves 
(predominantly E. viminalis) making up 58% of total leaf fall and A. melanoxylon 
phyllodes a further 13% of total leaf fall. An examination of a number of litterfall studies 
from temperate east Australian eucalypt forests (Attiwilli et al. 1978; Ashton 1975; 
Lamb 1985; McColl 1966; Park 1975 & Pressland 1982) indicates that leafy materials 
usually constitute between 40% to 60% of total litterfall. 
1.8.2.2. Litter breakdown 
A study by O'Keefe & Lake (1987) of the decomposition of Eucalyptus viminalis Labill. 
leaves and Acacia melanoxylon R.Br phyllodes at two sites in a Victorian upland stream, 
found that E. viminalis leaves disappeared rapidly (k=0.0557 to 0.0626, T5o=12.4 to 
11.1 days) falling into Petersen & Cummin's (1974) fast breakdown category, while A. 
melanoxylon phyllodes decomposed at a slow to medium rate (k=0.0073 to 0.004, 
T50=95 to 173 days). Boulton (1991) found decomposition of E. viminalis leaves at two 
sites in another Victorian stream to be much slower (k=0.0138 & 0.0152, T50=46 to 50 
days) than that recorded by O'Keefe & Lake (1987), and attributed this difference in 
rates to differences in macroinvertebrate densities and current velocities. 
Few Australian studies have examined seasonal differences in stream litter breakdown. 
Bunn (1988) found leaves of E. marginata to decompose more slowly during summer 
than in winter in a stream in the south west of Western Australia, and suggested that 
invertebrates did not make a significant contribution to decomposition of E. marginata 
leaves during summer and autumn. Leaves of E. marginata have the slowest 
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decomposition rates (k<0.005) for any Australian species recorded thus far. The only 
other published Australian study of leaf decomposition over different seasons, reported 
that breakdown of rainforest litter in a tropical stream did not correlate with temperature 
(Pearson et al., 1989). These findings are in contrast to litter decomposition processes in 
northern hemisphere streams, which are positively correlated with water temperature 
(Inversen, 1975; Webster & Benfield, 1986). At the commencement of the present study 
there were no comparative data for both summer and winter seasons, concerning the 
decomposition of eucalypt leaves and Acacia phyllodes (major "leafy" inputs into the 
main study stream), or any studies al all of other leaf materials in south-east Australia. 
Recently, however, Campbell et al. (1992b) have published such data. Their findings will 
be considered further in Chapter 3. 
The mass loss rates of twigs and wood in Australian upland streams have not been 
studied. Decomposition rates of twigs up to 20 mm diameter taken from four tree 
species in North America, indicated that 70% of the ash free dry mass remained after 
three years immersion in a stream (Shearer and Von Bodman 1983). Blackburn and Petr 
(1979) found that bark of Eucalyptus regnans F.Muell. immersed in an upland Victorian 
stream broke down slowly, with 20% of the dry mass disappearing during three months 
in a stream. The large amount of bark and woody litter which appears to enter Australian 
streams, taken together with its likely slow decomposition rate, suggests that bark and 
wood may well account for more than half of the coarse particulate organic matter in 
some streams, particularly during periods of low litterfall. Thus these materials may form 
an important and partly stable carbon resource for aquatic hyphomycete fungi. The 
pattern of occurrence of aquatic hyphomycetes on bark and wood in Australia is poorly 
known. 
1.9. GENERAL RATIONALE FOR THE PRESENT STUDY 
The present study was initiated for the following reasons. 
(i) There is little information on the ecology of aquatic hyphomycetes in Australian 
streams, even though freshwater is a limiting resource in this continent and hence 
deserving of intensive study. 
(ii) Most studies on the ecology of aquatic hyphomycetes have been carried out in 
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the northern hemisphere where patterns of litterfall differ from patterns in Australian 
forests i.e. peak litterfall in the northern hemisphere deciduous forests is characterized by 
a commencement of litter fall early to mid summer culminating in a sharp autumn/winter 
peak (Bray & Gorham 1964), compared with a more continuous year-round litterfall in 
Southern Australian eucalypt forests with the peak over summer to early autumn. 
Accordingly there should be much to be learned about the ecology of aquatic 
hyphomycetes in general from comparisons between Australian and northern hemisphere 
findings. Also, the more continuous availability of stream litter in Australia relative to the 
northern hemisphere should allow: (a) extended monitoring of the aquatic hyphomycete 
community throughout the year; and hence (b) assessment of the aquatic hyphomycete 
community under different regimes of water temperature and changing litter availability 
and composition. 
20 
1.10. AIMS AND SCOPE OF THIS STUDY 
The aim of this study was to gain an understanding of the dynamics of the aquatic 
hyphomycete community of an Australian upland stream, for the purpose of drawing 
comparisons with northern hemisphere aquatic hyphomycete communities. In particular, 
it was intended to explore the hypothesis that the abundance and composition of the 
aquatic hyphomycete communities is primarily controlled by litter type and availability, 
rather than by physical conditions of the environment. 
Lees Creek was selected because of: (i) the presence of entirely native vegetation in the 
upper reaches of its catchment; (ii) the presence of several access trails; (iii) the perennial 
nature of the stream; and (iv) pilot studies into the aquatic hyphomycetes of Lees Creek 
(Thomas et al. 1989) and litterfall into Lees Creek before the present study had been 
carried out. 
Specific questions included: 
(i) What is the seasonal nature of the input of litter (amount & type) into Lees 
Creek? 
(ii) What are the breakdown rates of different types of litter (e.g. bark & leaves etc.) 
in Lees Creek at different times of the year? 
(iii) Do aquatic hyphomycetes colonizing different types of litter (e.g. twigs, bark, 
leaves etc.) show either preference or specificity for a particular litter type? 
(iv) Is there any temporal pattern of succession exhibited by aquatic hyphomycetes, 
and if so, how is this influenced by seasonal factors? 
(v) What are the seasonal patterns of occurrence of spores of different species of 
aquatic hyphomycetes in Lees Creek and do these correlate with litter availability? 
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(vi) What changes occur in spore populations along the length of Lees Creek, and is 
it possible to estimate the rate of spore input and loss from a body of flowing water? 
(vii) How similar is the species composition of the fungal community in Lees Creek 
to: its headwater streams; to neighbouring streams; and to more distant streams in 
Australia? 
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1.11. APPROACHES TO THE STUDY 
(i) It is difficult to measure how much organic material actually in a stream is 
suitable or available for colonization by aquatic hyphomycetes, but major inputs of litter 
from adjacent vegetation can be assessed by litter traps. Traps with a standard aperture 
can be set randomly along, and suspended immediately above, a small stream and set to 
intercept falling leaves, twigs, bark and fruits from the canopy of trees and shrubs in the 
riparian vegetation. 
(ii) Decay rates of litter can be estimated by following the progressive loss of mass 
from standard samples of litter inserted into the stream in open weave mesh bags. 
(iii) Bagged litter inserted into the stream can also be used to follow colonization of 
litter by fungi, by retrieving samples at intervals and incubating these under water to 
induce fungal sporulation, to assess relative abundance of different species present on 
each occasion. 
(iv) Seasonal patterns of occurrence of fungi in the stream can be assessed in two 
main ways. Firstly, the spores which fungi release into the stream can be intercepted 
during dispersal by filtering samples of the water through fine membranes to trap the 
spores on their surface. Secondly, samples of naturally occurring litter colonized by 
fungal mycelia can be incubated in the laboratory to encourage spore formation 
necessary for species identification. The results of these two approaches can be tested 
for degree of correlation through the seasons. 
(v) The membrane filtration technique is also valuable to compare populations of 
fungal spores at different points along a stream, or between different streams and rivers. 
1.12. ORGANIZATION OF THE THESIS 
The Lees Creek system and major study sites within it are described in Chapter .2:. 
Chapter 3. describes a 30 month long study of seasonal patterns of litterfall into an 
section of Lees Creek. It also includes experiments and/or observations on the rates of 
breakdown of different leafy components of litter at different times of the year, and 
breakdown of eucalypt bark and twigs over a full year. 
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The relationships of aquatic hyphomycetes to the different components of litter are 
studied in Chapter ,4. This includes assessment of fungi on naturally entrained eucalypt 
leaves and Acacia phyllodes collected twice monthly for 15 months. A comparison is 
made also of fungi occurring naturally on eight different litter types (eucalypt leaves, 
twigs, bark, Acacia phyllodes & bark, Pomaderris leaves, fem fronds and sedge leaves) 
on two occassions in the year. Time course studies traced the colonization of fungi on 
eucalypt leaves and Acacia phyllodes placed into Lees Creek in February and August, 
and on eucalypt bark and twigs inserted in December. 
Chapter .5. deals with seasonal and diurnal changes in spore numbers suspended in the 
water of Lees Creek, and with the relationships between spore counts and physical and 
chemical variables of Lees Creek. 
Chapter il reports on changes in spore populations along the stream, and presents a 
dynamic model intended to explain such changes in terms of rates of spore input and 
spore loss from a moving body of water. 
To help set these studies on Lees Creek in a broader context, the composition of spore 
populations in a selection of other Australian streams are presented in Chapter 1. 
The final chapter (Chapter .8.) draws together the key findings from the previous chapters 
and interprets and relates these to the larger body of information derived from northern 
hemisphere studies of aquatic hyphomycetes. 
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CHAPTER 2. 
LEES CREEK 
2.1. LEES CREEK CATCHMENT 
2.1.1. Location of the stream system 
The Lees Creek catchment lies 40 km west of the City of Canberra, on the eastern side 
of the Brindabella ranges which form part of the border between New South Wales and 
the Australian Capital Territory (Figure 2.1). Lees Creek flows into Condor Creek 
thence into the Cotter River which joins the Murrumbidgee River, a major tributary of 
Australia's largest river system, the Murray River (Figure 2.2). 
2.1.2. Physical features of the catchment 
Altitude of the catchment ranges from 800 to 1400 metres. Within the upper two thirds 
of the Lees Creek catchment, permeable deep friable red earths and krasnozem soils 
overlay ordovician metamorphosed sedimentary deposits (Talsma & Hallam 1982). The 
remainder of the catchment consists of moderately permeable massive yellow earths on 
steeper slopes, changing progressively to red and yellow podzolics towards valley 
bottoms, all overlaying silurian volcanic formations (Talsma & Hallam 1982). 
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2.1.3. Yeeetation of the catchment 
The upper reaches of Lees Creek flow through a catchment containing native vegetation 
dominated by mixed-species eucalypt forests. Vegetation alliances on high ridges 
comprise mountain gum (Eucalyptus dalrympleana Maiden) and snow gum (Eucalyptus 
pauciflora Sieb. ex Spreng); on low ridges mountain gum occurs with broad-leafed 
peppermint (Eucalyptus dives Schau.) and narrow-leafed peppermint (Eucalyptus 
radiata Sieb. ex DC.). Patches of alpine ash (Eucalyptus delegatensis R.T. Baker), often 
as pure stands, occur on some upper south and east facing slopes, and at the heads of 
moist valleys. Lower down in valleys the alpine ash is replaced by brown barrel 
(Eucalyptus fastigata Deane et Maiden) and the mountain gum by manna gum 
(Eucalyptus viminalis Labill.). On the lower dry slopes, brittle gum (Eucalyptus 
mannifera Muddie) and scribbly gum (Eucalyptus rossii Baker et Smith) are common, 
often mixed with narrow leafed or broad leafed peppermints. In the valley bottoms 
narrow-leafed peppermint and manna gums predominate, and the latter is the most 
common tree lining Lees Creek. In the lower reaches of the catchment, the native 
vegetation is reduced to a corridor (approximately 20 to 100 metres wide) flanking the 
creek between exotic pine plantations (Pinus radiata, D.Don, Uriarra Pine Forest), and 
eventually exotic vegetation completely replaces the native flora alongside the creek 
itself. 
The native forests of the area were logged from 1930 to 1938 (Jacobs 1963) and and 
also subjected to major fires in the 1920's or 1930's (Anon 1973). Since then, except for 
some illegal harvesting of tree fems and infrequent fire trail maintenance, the native 
forest area has remained undisturbed. In the lower reaches, forestry activities in the pine 
plantations are the main disturbing factor. 
2.1.4. Local climate 
Long term (50 years) meteorological data available from the Commonwealth Bureau of 
Meteorology for the nearby city of Canberra (at an altitude of 570 metres) describe the 
climatic conditions as follows. Mean monthly maximum temperatures are highest 
through December (260C), January (27.70C) and February (26.90C); and mean monthly 
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minimum temperatures are lowest through June (0.80C), July (-0.30C) and August 
(0.8°C). Long term mean monthly rainfall is at a maximum during October (69 mm) and 
November (62 mm) and at a minimum during June (37 mm) and July (39 mm), although 
there is considerable variation from year to year. Mean monthly evaporation exceeds 
mean monthly rainfall in every month of the year. Mean monthly evaporation is at a 
maximum during December (261 mm) and January (259 mm) and a minimum during 
June (48 mm) and July (53 mm). Mean annual precipitation for the Lees Creek 
catchment ranges from 750 mm in the lower reaches to 1200 mm in the upper areas 
(Talsma & Hallam 1982). Rainfall during summer is often heavy in patches because of 
storm fronts passing through. Canberra is located approximately 40 km east of the main 
study site thus the above meteorological data are only a guide to the general climate of 
the region, rainfall data obtained from and area closer to the study site will be used in the 
remainder of this study. 
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2.2. STUDY SITES ON LEES CREEK 
2.2.1. Main site for seasonal studies 
2.2.1.1. Location 
The study site (Site 1) at which the majority of observations were made, lies 30 m 
upstream of the confluence of Blundells Creek with Lees Creek (National Topographic 
Map Series, Grid reference 8627-670852) (Figure 2.3). 
2.2.1.2. Features of Lees Creek at Site 1 
The stream bottom at Site 1 consists of fine gravel to pebble-sized particles, except 
where water flow slows and deep silt deposits accumulate. Stream width varies from 400 
mm under low summer flow conditions to two metres with normal winter/early spring 
flows. Stream depth in the main channel varies from 50-100 mm in summer to 300-400 
mm in winter/spring in non-flood conditions. Most of the stream is heavily shaded, 
except in areas where trees from the riparian vegetation have died, or fallen during high 
winds. Filamentous green algae are often present on the stream bottom, in sunny areas 
caused by gaps in the canopy, during late February, March and early April when water 
flow is lowest and water temperature highest. The algae are usually sloughed off in April 
when flow increases. Accumulations of litter are present in the stream throughout the 
year, but are highest over February and March and lowest from late June to mid 
September (pers. obs.). 
2.2.1.3. Riparian vegetation at Site 1 
Riparian vegetation canopy over Lees Creek at the main study site is wholly native. The 
overstorey, up to 40 m high, is dominated by Eucalyptus viminalis Labill. with some E. 
radiata sub sp. robertsonii Blakely present. The dominant understorey species is Acacia 
melanoxylon R.Br., and the following species are also present: Coprosma quadrifida 
(Labill.) Robinson, Lomatia myricoides (Gaertn. f.) Domin, Olearia argophyllia (Labill.) 
Benth, Pomaderris aspera Sieb. ex DC. The ground cover is of ferns, sedges and 
grasses. These latter tend to senesce and decay in situ, with fronds and leaves still 
attached to the plant trailing into the stream. The ground cover constitutes a partial 
barrier to lateral downslope transport of forest floor litter into the stream. 
2.2.2. Other study sites. 
2.2.2.1. Study sites upstream of main study site 
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Three headwater streams of Lees Creek were sampled during the course of the present 
study (Figure 2.2) and two of these were the subject of a longitudinal survey. These 
streams flow continuously during winter and spring but intermittently during the summer 
and early autumn, often stopping altogether or being reduced to seepages and trickles. A 
very thick growth of sedges and ferns usually line the banks, with canopy vegetation 
comprising E. dalrympleana and E.fastigata in the upper reaches, being replaced by E. 
viminalis and E. radiata ssp robertsonii in the middle reaches, A. melanoxylon was 
present throughout in the understorey. 
2.2.2.2. Study sites downstream of main study site 
For a longitudinal survey of the main stream, five additional sampling sites were selected 
downstream of the main study site (Figure 2.3). Site selection was based on; distance 
between sites, the nature of the riparian vegetation, and site accessibility. The first of 
these sites (Site 2) was 20 m after the confluence of Lees Creek and the very similar 
Blundells Creek at an altitude of 800 m, and equates with (Site A) of Thomas et al. 
(1989). The next site (Site 3) was 1.2 km downstream of the main study site. Between 
Site 3 and the next study site (Site 4) 2.5 km downstream of the main study site, two 
small creeks enter Lees Creek. These two creeks are normally reduced to a trickle or 
cease to flow during summer and early autumn. The next site (Site 5) was 3.9 km 
downstream of the main study site. Between Sites 1 and 5 the riparian vegetation 
remains substantially intact and has constant floristic composition. However, beyond Site 
5 the native overstorey riparian vegetation has been reduced to patches, some of the 
gaps being replaced by the exotic P. radiata. Native understorey and ground cover 
vegetation has become sparse and replaced by dense thickets of the exotic Rubis 
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fruticosus (sens. lat.). Site 6 has entirely exotic riparian vegetation, predominantly of R. 
fruticosus and P. radiata, for more than 1 km upstream. Site 6 was located 8 km 
downstream of the main study site and twenty kilometres upstream of the confluence of 
Lees and Condor Creek at an altitude of 600 m, and is the same site as Site B in Thomas 
et al. (1989). In this region Lees Creek is normally from 1.5 to 2.5 metres wide and 100 
to 400 mm deep, outside of drought and flood flow conditions. 
Figure 2. l Location of the Australian Capital Territory 
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CHAPTER 3. 
ESTIMATION AND CHARACTERIZATION OF 
LITTER AVAILABLE FOR FUNGAL COLONIZATION. 
3.1. INTRODUCTION 
Cooke and Rayner (1984) have stated that" Two characteristics of substrates influence 
the patterns of fungal development on them; the ease at which they can be assimilated, 
and their spatial and temporal distribution". The range of substrates upon which aquatic 
hyphomycetes have been reported has already been described in Chapter 1 and will 
hereafter be referred to collectively as litter. In this chapter an attempt is made to 
quantify the physical litter available to resource the aquatic hyphomycete community at 
Lees Creek Site 1, and to see whether its nutrient quality can be altered by chemical 
treatments. 
Section 3.2 describes a two and a half year study of the amounts, and the types, of litter 
entering Lees Creek naturally from the riparian vegetation. In parallel with that study, 
data were also collected on litterfall in the adjacent eucalypt forest, to test the 
assumption, sometimes made by Australian limnologists (e.g. Lake 1982), that the latter 
type of data can provide adequate estimates of the litter available to stream organisms. 
Section 3.3 reports the results of experiments in which samples of leaves of E. viminalis 
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and phyllodes of A. melanoxylon were sewn into mesh bags, inserted into Lees Creek, 
and recovered at intervals to estimate rates of decay and how long those materials 
persisted. One experiment was run during summer/autumn and one during winter/spring, 
to coincide with expected peaks and troughs in fungal spore abundance and with natural 
litter inputs into the stream. On both occasions, two types of mesh bag were used, fine 
and coarse, in the hope of distinguishing contributions of aquatic macroinvertebrates to 
decay. 
Concurrent with the above experiments some leaves or phyllodes were pretreated by 
various chemical extraction procedures. For clarity of presentation, results of these 
treatments are described separately in Section 3.4. 
In a separate study (Section 3.5), samples of bark and undecorticated twigs were bagged 
and inserted in the stream in summer, then recovered at intervals over 12 months to 
follow their decay. 
All of the studies in this chapter were intended to provide background information on 
litter types, to relate to parallel studies on hyphomycete fungi presented in later chapters. 
Accordingly the material presented in this chapter will be discussed primarily in relation 
to the influence which litter availability may have on the fungal community. A manuscript 
(Thomas et al. 1992) providing more detail on some aspects of the litterfall per se has 
already published and this is supplied as an appendix to the thesis. 
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3.2. LITTER INPUTS TO LEES CREEK 
3.2.1. Materials and methods 
Litter was collected monthly from January 1988 to September 1990, using twenty 0.5 
m2 collectors. The riparian vegetation litter collectors were placed directly over the 
stream at randomly chosen points along the stream. In the adjacent forest site, collectors 
were placed on the south-east facing slope, at randomly chosen points along a line 
transect parallel to the stream. Each collector consisted of a circular metal frame to 
which was sewn a mesh bag (1.6 by 0.7 mm mesh). The centre of the bag was weighed 
down by a stone to prevent inversion in strong winds. Collectors were supported 0.5 to 
0.75 m above the stream or ground by three metal star pickets. Litter was removed from 
the collectors in the middle of every month between January 1988 and September 1990. 
The litter was taken to the laboratory and dried in ovens at 95°C for three days. After 
drying, it was sorted into the following categories and weighed: leaves of eucalypt 
species, phyllodes of A. melanoxylon, leaves of other species, bark, twigs <8mm dia, and 
remaining material. 
3.2.2. Results 
3.2.2.1. Constituents of riparian litterfall 
Over the period of study, total litterfall was 4.5 t ha-1 yr-1 dry mass. Leafy materials 
accounted for 56% percent of this; non-leafy materials 44% (Table 3.1). The major part 
of the leafy material (78%) was contributed by leaves of the eucalypt overstorey, with A. 
melanoxylon phyllodes adding most of the rest (18% ). Twigs made up the largest 
fraction (38%) of the non-leafy components of litterfall. Recognizable pieces of bark 
were the next largest category (28%) of non-leafy materials. The remaining material was 
mostly composed of reproductive components such as eucalypt flowers and fruits, and 
pods of A. melanoxylon. The residue was mainly unrecognizable materials, although a 
small proportion comprised very small fragments of leafy and non-leafy components. 
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3.2.2.2. Seasonality of riparian Iitterfall 
Total litterfall into Lees Creek exhibited distinct seasonal fluctuations, which were 
similar from year to year in terms of both period and amplitude (Fig 3.la), reflecting the 
very predictable seasonal conditions in these upland regions. Peak litterfall occurred in 
mid to late summer each year, while there was an extended trough through winter into 
early spring (Fig 3.la). There was a five fold difference between maximum and minimum 
monthly litterfall in each year (Fig 3.la). 
Eucalypt leaves were the dominant component of litterfall from October to June (Figures 
3.1 b & c). There was a ten fold difference between maximum and minimum monthly 
eucalypt leaf fall (Figure 3.2a). During peak litterfall and for much of the year, falling 
eucalypt leaves consisted predominantly of apparently senescent reddish brown leaves. 
But during winter it was observed that approximately half the eucalypt leaves fell while 
still green and were often attached to small branches, hence possibly discarded by birds 
or aboreal mammals, or broken by winter storms. 
There was a ten fold difference between maximum and minimum monthly fall of A. 
melanoxylon phyllodes each year (Figure 3.2b). Most phyllodes fell during summer and 
least fell in winter. A. melanoxylon phyllodes contributed the greatest proportion of 
mass to total litterfall in September (Fig's 3.1 b & c). A. melanoxylon phyllodes always 
fell while still green. 
Leaves of the remaining riparian tree and shrub species also showed a summer peak and 
a winter low in leaf fall (Figure 3.2c ). 
The fall of bark into the stream was highest in summer, and lowest in winter, but with 
some fluctuations throughout the year (Figure 3.2d). 
Twigs did not fall in any clear seasonal pattern, peaks occurring at different times of the 
year which altered between years (Figure 3.2e). However, twigs were always the 
dominant proportional component of litterfall in mid to late winter when leaf material 
was low (Figures 3.1 b & c). 
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While the remaining litter materials varied seasonally (Figure 3.2f) in line with the 
pattern for total litterfall (Figure 3.la), these represented an almost constant proportion 
of total litter throughout the year (Figure 3.1 b ), 
3.2.3. Litt~r entering Lees Creek not included in the above assessment 
3.2.3.1. Stream bank ground layer vegetation 
In section 2.2.1.3 it was noted that the banks of Lees Creek are lined with fems and 
sedges. Fem fronds and sedge leaves upon senescence were observed to gradually bend 
down and trail into the stream while still remaining attached to the plant. Decay of the 
fronds and leaf blades therefore occurred in situ. A further complication was that the 
amount of fem or sedge in contact with the stream was dependent upon water level; thus 
during summer and early autumn water level was always so low that most of the 
decaying fem fronds and sedge leaves were high of the stream. For these reasons, no 
attempt was made to quantify contribution of these materials to total litter availability for 
aquatic hyphomycetes. 
3.2.3.2. Woody material greater than 8 mm diameter 
Because of the aperture diameter of the litterfall collectors, large pieces of woody 
material, >8 mm diameter, were excluded from measurement. In most cases litterfall 
collectors received minor to substantial damage upon collecting such large woody 
materials. Because Lees Creek is only one to two metres wide, the larger woody material 
e.g. branches and tree trunks, tended to fall bridged across the stream rather than directly 
into it. 
3.2.4. Comparison between litterfall in riparian vegetation and in adjacent forest 
Similar total amounts of litter fell in both the riparian vegetation and adjacent forest 
(Tables 3.1 and 3.2). The major difference in the fall of litter between the riparian 
vegetation and vegetation fifty metres into the adjacent forest, was the contribution to 
litterfall made from the leafy materials of the understorey species. Such material, 
accounted for 12.5% of litterfall in the riparian vegetation but only 2.9% in the adjacent 
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forest (Tables 3.1 and 3.2). This difference between the vegetation transects is mainly 
attributable to the fall of phyllodes of A. melanoxylon (Tables 3.1 and 3.2): in the 
riparian vegetation they accounted for 17 .8% of the leafy material, while in the adjacent 
forest the phyllodes made up less than 0.1 % of the leafy material. The contributions of 
the other components of litterfall were similar in both riparian and adjacent forest zones. 
Table 3.1 Riparian litterfall into Lees Creek at Site 1 
Component of litterfall Litterfall Composition 
(t ha-1 yr-1) (%) 
Eucalyptus spp. leaves 1.98 43.6 
Acacia melanoxylon phyllodes 0.45 9.9 
Leaves of remaining species 0.12 2.6 
Bark 0.56 12.3 
Twigs<8mm 0.76 16.8 
Remaining material 0.67 14.8 
Total 4.54 100.0 
Figure 3.1 Monthly litterfall into Lees Creek at Site 1 
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Table 3.2 Adjacent forest litterfall near Site 1 
Component of litterfall Litterfall Composition 
(t ha-1 yr-1) (%) 
Eucalyptus spp. leaves 2.20 52.6 
Acacia melanoxylon phyllodes 0.00 0.0 
Leaves of remaining species 0.12 2.7 
Bark 0.50 12.0 
Twigs<8mm 0.75 18.0 
Remaining material 0.62 14.7 
Total 4.17 100.0 
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3.3. BREAKDOWN OF E. viminalis LEAVES AND A. melanoxylon PHYLLODES 
INSERTED INTO LEES CREEK IN WINTER AND SUMMER. 
3.3.1. Materials and Methods 
3.3.1.1. Collection of leaves and phyllodes. 
Freshly abscissed leaves of E. viminalis were collected during summer peak litterfall and 
dried at 400C for four days. Leaves were stored in airtight plastic bags until required. 
Contribution of A. melanoxylon phyllodes to total litterfall is considerably less than 
leaves of E. viminalis (Thomas et al. 1992) so freshly abscissed phyllodes of A. 
melanoxylon were not readily available. Accordingly mature phyllodes were picked from 
a number of shrubs, then dried and stored as above several weeks before being required. 
3.3.1.2. Enclosure in mesh bags and immersion in Lees Creek 
Nylon mesh bags 160mm X 80rnrn, of two mesh sizes, coarse (7mm X 7mm) and fine 
(0.5rnrn X 0.2rnrn), were used to hold leaves and phyllodes. To help avoid mechanical 
loss of undecayed material through the 7mm mesh, dried Acacia phyllodes were first 
screened by sieving with 7mm X 7mm mesh to reject smaller phyllodes which passed 
through this mesh. Acacia phyllodes were packed at five grams dry mass per bag; the 
denser eucalypt leaves at seven grams dry mass. Bags were transported to the study site 
enclosed in plastic bags to enable any loss of material before immersion in stream to be 
detected. Plastic bags were removed and the leaf bags were then arrayed and tied on a 
steel mesh (200mm X 200mm) frame and immersed in Lees Creek. 
3.3.1.3. Timing of study. 
Leaf bags were placed in Lees Creek at two times of the year: (i) in winter (August 
1988) to coincide with minimum litterfall and the season when A. melanoxylon phyllodes 
make their greatest percentage contribution to litter; and (ii) in summer (February 1989) 
to coincide with peak litterfall and when E. viminalis leaves make up the largest 
component of litter. 
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3.3.1.4. Sampling 
Bags were removed by cutting a tie, and then catching them in a net with 0.5mm X 
0.5mm mesh. Four randomly selected bags from each treatment were removed at each 
sampling time in the winter study until insufficient material remained in bags to provide 
further data. In the summer study only three randomly selected bags were removed each 
sampling time, because of an anticipated increase in the time taken for the material to 
decay. Upon return to the laboratory, one 6mm diameter disk was cut from each of six 
or seven randomly selected leaves and from each of five randomly selected phyllodes, 
taken per bag, for use in a separate study of aquatic hyphomycete communities (chapter 
4). The remainder of the litter in bags was washed to remove extraneous materials, 
blotted dry, placed into paper bags, dried for seven days at 400C and its mass recorded. 
3.3.1.5. Water physical and chemical properties. 
Water temperature, dissolved oxygen concentration, conductivity, and pH were being 
measured mid-morning twice monthly for two years as a component of another 
concurrent study (see CHAPTER 5). Water depth at the study site was also noted at 
each sampling time. These data were used for comparisons with the litter study above. 
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3.3.2. Results 
3.3.2.1. Characteristics of Lees Creek stream water and rainfall during the period 
of study. 
Mean water temperature over the year was 10.1 oc and ranged from 6.3°C in August to 
12.9oc in February (Fig. 3.3a). Conductivity was low, ranging from 21 to 33 µS cm- 1; 
pH varied from mildly acidic 6.19 to just over neutral 7.12 (mean=6.54); and dissolved 
oxygen concentration was 10.8 mg L-l in winter falling to 8.61 mg L-l in summer. 
Rainfall data (courtesy of the A.C.T. Electricity and Water Authority) were from 
Bendora Dam, 8 km away from the study site. High rainfall in July (Fig. 3.3b) coupled 
with low winter evaporation resulted in higher water levels in Lees Creek at the time 
bags were immersed in August (depth 400 mm), than when bags were immersed in 
February (depth 150 mm). These higher winter water levels were maintained over the 
period of study by further rainfall in August, September and October. In summer, low 
flows continued until mid-March when extensive rainfall (Fig. 3.3b) caused frequent 
minor flooding of the study site (mid March to mid April), water depths varied from 400 
to 300 mm during the remainder of the study. 
3.3.2.2. Characteristics of decay curves 
The proportion of dry mass remaining against time (excluding the mass at time=O) was 
fitted: firstly to a simple linear model using least squares regression; and secondly, after a 
natural logarithmic transformation, to a single negative exponential model using least 
squares regression (Petersen & Cummins, 1974). Both linear and exponential models of 
decomposition rates provided a significant fit to the data for all litter treatments (season, 
litter material and mesh size) (Table 3.3). With one exception, both models produced 
similar coefficients of determination (R 2) for each treatment. The exception was the set 
of data for summer breakdown of E. viminalis in 7 mm mesh bags, where a linear model 
(R2=0.93) fitted much better than an exponential model (R2=0.705) (Table 3.3). 
Because of the significant fit of the linear model to all the decay rate data (Table 3.3), 
this was used as a basis for analysis of covariance (Zar, 1984) to compare the slopes of 
the decay rates between litter treatments. When the slopes were found to be not 
significantly different, the Y intercepts were compared. 
3.3.2.3. Effects of mesh size, litter type and season, on decay rates 
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Because the mass of litter bags differed between treatments, data have been plotted as 
the percent of the original litter dry mass remaining to simplify comparisons (Figures 3.4 
& 3.5). Rapid mass loss, ranging from four to fifteen percent of dry mass, was evident in 
all litter bags after two days in the stream, with leaves of E. viminalis losing from three 
to four times as much mass A. melanoxylon phyllodes (Figures 3.4 & 3.5). From the 
second to eighth day in the stream, most of the apparently readily soluble materials had 
been leached from the litter, and the rate of mass loss had begun to slow (Figures 3.4 & 
3.5). At this stage in the breakdown process divergence occurred in plots of mass loss 
for litter in bags of different mesh sizes as outlined below. 
Mesh size - In all cases where litter and season were the same, breakdown rates were 
much faster (two to four times) in the large mesh bags than in the small mesh bags. 
Incidental observations suggest two factors at work in this: differences in invertebrate 
feeding and differences in aeration of litter materials 
In the large mesh bags, skeletonization of leaves and phyllodes, attributable to 
macroinvertebrate feeding, was first observed after 15 days immersion in August on E. 
viminalis and after 24 days on A. melanoxylon. In February, feeding by 
macroinvertebrates on both leaves and phyllodes became apparent by 29 days. 
Commencement of invertebrate feeding probably caused the increases in the rates of 
mass loss, evident after 15 days (E. viminalis) and 22 days (A. melanoxylon) in August 
(Figure 3.4) and after 24 days (E. viminalis) in February (Figure 3.5). A. melanoxylon 
phyllodes in February showed no change in slope over the post-leaching phase (Figure 
3.5; Table 3.3). Only infrequently were a few invertebrates found in the small mesh bags 
and these were either dipteran larvae or first instar ephemeropteran larvae. 
In the small mesh bags, leaves and phyllodes became dark brown to black by the end of 
the study, indicating that anaerobic conditions had developed in the bags. This was 
caused by build up of fine particulate matter deposited within the bags restricting water 
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exchange through the mesh. 
Plant species - Under comparable conditions (same bag mesh, same season), leaves of 
E.viminalis decayed faster than phyllodes of A. melanoxylon (Figures 3.4 & 3.5; Tables 
3.3 & 3.4). In three cases the slopes representing decay rates were significantly different 
(p<0.005). In the fourth case (litter in small mesh bags in winter) only the intercept of 
the lines were significantly different (p<0.005). Mass loss resulting from leaching in the 
stream during the first 48 hrs of immersion was greater for E. viminalis than for A. 
melanoxylon (Figures 3.4 & 3.5). 
Season - There was no consistent effect of season independent of other factors, but there 
was a strong interaction between season and bag mesh size. Litter of both A. 
melanoxylon and E.viminalis in 7 by 7mm mesh bags broke down faster in winter than in 
summer, while litter in 0.5 by 0.5 mm mesh bags broke down faster in summer than in 
winter (Figures 3.4 & 3.5; Tables 3.3 & 3.4) slopes of lines being significantly different 
(p<0.005) in all cases. 
Table 3.3 Linear and exponential models of breakdown rates based on percent dry mass remaining for A. melanoxylon phyllodes 
and E. viminalis leaves Immersed in Lees Creek 
Treatment Time of Linear model Exponential model 
immersion Y intercept k SE R, F T50 k SE R' F 
A. melarwxylon 0.5 X 0.2 mm mesh August 0.9443 0.0033 0.00035 0.945 85··· 136 0.0050 0.00041 0.960 147" .. 
A. melarwxylon 0.5 X 0.2 mm mesh February 0.9202 0.0040 0.00028 0.971 198 ... 105 0.0066 0.00043 0.971 234• .. 
A. melarwxylon 7 X 7 mm mesh August 1.0205 0.0110 0.00060 0.985 333 ... 47 0.0178 0.00018 0.943 97-
A. melarwxylon 7 X 7 mm mesh February 0.9473 0.0072 0.00017 0.996 1722'" 62 0.0117 0.00032 0.995 1354-
E. viminalis 0.5 X 0.2 mm mesh August 0.8576 0.0031 0.00050 0.869 33•• 114 0.0073 0.00110 0.888 47" 
E. viminalis 0.5 X 0.2 mm mesh February 0.8655 0.0046 0.00046 0.944 101· .. 79 0.0093 0.00079 0.953 141-
E. viminalis 7 X 7 mm mesh August 0.8968 0.0140 0.00176 0.929 66 .. 28 0.0488 0.00369 0.967 175-
E. viminalis 7 X 7 mm mesh February 0.9148 0.0092 0.00106 0.926 75 .. 45 0.0385 0.00942 0.705 17" 
*p<0.05, **p<0.005, ***p<0.0005 
Table 3.4 Comparison of regression lines from linear decay models of breakdown rates for 
A. melanoxylon phyllodes and E. viminalis leaves placed in Lees Creek. 
Leaf and/or phyllode treatments compared 
winter vs summer" 
A. melanoxylon 0.5 X 0.2 mm mesh 
A. melanoxylon 7 X 7mm mesh 
E. viminalis 0.5 X 0.2 mm mesh 
E. viminalis 7 X & mm mesh 
A. melanoxylon vs E. viminalis 
summer, 0.5 X 0.2 mm mesh 
summer, 7 X 7 mm mesh 
winter, 0.5 X 0.2 mm mesh 
winter, 7 X 7 mm mesh 
a. Slopes and Y intercepts are listed in Table 3.3 
Comparison of slo~s· 
F prob. 
23.92 
58.05 
66.90 
22.89 
23.15 
9.66 
0.42 
22.49 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0032 
0.5198 
0.0001 
Comparison of Y intercept• 
F probb. 
113.68 0.0001 
b. The probability is that the difference detected between either the slopes or the Y intercepts has occurred 
through chance alone. 
c. winter refers to August immersion and summer to February immersion 
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3.4. EFFECT OF PRELIMINARY CHEMICAL EXTRACTIVE TREATMENTS 
ON BREAKDOWN OF E. viminalis LEAVES AND A. melanoxylon 
PHYLLODES 
3.4.1. Introduction 
The ease with which litter materials can be broken down and assimilated may depend on 
the amount and kinds of non-nutrient inhibitory chemicals contained within them. The 
simplest way to probe this possibility was to pretreat leaves and phyllodes with solvents 
to extract some of these. Ether extraction removes fats, waxes and oils from leaves, 
alcohol removes many phenolics and resins, and hot water removes water-soluble 
polysaccharides (Stevenson, 1965) so these were used to pretreat leaves and phyllodes 
before insertion into the stream. The treatments were applied additively, commencing 
with the ether extraction because this was considered to be one way to remove 
components of the cuticle, a possible physical barrier to fungal colonization and to 
extraction of water soluble materials. A follow up pretreatment with alcohol on the 
ether treated litter should then be effective at removing alcohol soluble substances such 
as phenols considered to be inhibitory to fungi. Further treatment of ether-alcohol 
treated litter with hot water should remove water soluble substances and leave mainly 
structural materials only remaining in the litter. How each of these successive litter 
pretreatments influenced litter break down rates and the fungal community is considered 
below and in the next chapter (section 4.5). 
3.4.2. Materials and Methods 
3.4.2.1. Extractive pretreatments 
Dried phyllodes of A. melanoxylon and leaves of E. viminalis were each pretreated in 
three ways as follows: (1) leaves and phyllodes were leached in 10 litres of diethyl ether 
for 24 hours, and one third set aside to form the first treatment; (ii) the remaining two 
thirds of these leaves and phyllodes were then leached further with absolute ethanol for 
24 hours and half of them set aside to form the second treatment; (iii) remaining leaves 
and phyllodes were leached in hot (simmering) water for five hours then allowed to 
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remain in water for a further 40 hours after the heat source had been removed before 
being given a final water rinse to form the third treatment. All extracted leaves and 
phyllodes for treatments (i), (ii) and (iii) were then redried at 40°C for four days. For 
simplicity, these treatments will be referred to subsequently as 'ether'; 'ether-ethanol' and 
'ether-ethanol-hot water'. 
3.4.2.2. Bagging and insertion in stream 
All pretreated litter samples were sewn in 7 .0 x 7 .0 mm mesh bags. With the exception 
of the 'ether' and 'ether- ethanol' treated eucalypt leaves, where bags contained seven 
grams dry mass, all other litter bags contained five grams dry mass in each bag. The 
chemically extracted phyllodes of A. melanoxylon were immersed in winter of 1988 
together with unextracted material (already described in section 3.3). Chemically 
extracted leaves of E. viminalis were immersed in summer together with unextracted 
material (already described in section 3.3). Pretreated litter samples were removed from 
the stream at the same times as the untreated samples. 
3.4.3. Results 
3.4.3.1. Early mass loss resulting from extractive pretreatments and initial leaching 
in the stream 
Extractive pretreatment of phyllodes of A. melanoxylon in ether, or ether-ethanol, 
caused only minor mass loss, but ether-ethanol-hot water pretreatment removed 22% of 
dry mass (Table 3.5). As a result of the extraction, after 48 hrs immersion in Lees Creek, 
A. melanoxylon phyllodes pretreated with ether-ethanol-hot water lost very little extra 
mass, while phyllodes pretreated in either ether or ether-ethanol lost as much mass by 
leaching as untreated phyllodes (Table 3.5). E. viminalis leaves pretreated with ether or 
ether-ethanol lost one fifth of their dry mass, and those pretreated with ether-ethanol-hot 
water lost half their dry mass. After 48 hrs immersion in Lees Creek, leaves of E. 
viminalis treated with ether or ether-ethanol lost a further fifth of their original mass due 
to leaching, while leaves pretreated with ether- ethanol-hot water lost very little (Table 
3.5). 
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3.4.3.2. Subsequent decay rates 
Decay data have been plotted as the percent dry mass remaining relative to the dry mass 
of the pretreated litter as placed in the stream (Figures 3.6 & 3.7). Phyllodes of A. 
melanoxylon pretreated with ether-ethanol-hot water, broke down more slowly than 
untreated phyllodes (Fig. 3.6, Tables 3.6 & 3.7), or phyllodes pretreated with either 
ether or ether-ethanol (Fig. 3.6). Leaves of E.viminalis pretreated with ether-ethanol-hot 
water decayed faster than untreated leaves (Fig. 3.7, Tables 3.6 & 3.7), and faster than 
leaves pretreated with either ether or ether-ethanol (Fig. 3.7). Decay rates (Table 3.6) 
for leaves and phyllodes pretreated with either ether or ether-ethanol before immersing 
into Lees Creek were not significantly different (p>0.05) from the untreated leaves or 
phyllodes, but decay rates for the ether-ethanol-hot water treatments were significant in 
both cases. Comparisons of Y intercepts between untreated and extractively pretreated 
leaves and phyllodes showed only E. viminalis to be significantly different (p<0.005, 
Table 3.7). 
Table 3.5 Percent mass loss (relative to initial mass before pretreatment) of A. melanoxylon phyllodes and E. viminalis 
leaves due to initial extractive treatment and subsequent leaching during 48 hours immersion in Lees Creek 
Extractive treatment 
unextracted control 
ether 
ether and ethanol 
ether, ethanol and hot water 
na. not applicable 
A. melanoxylon phyllodes 
Mass lost due 
to extractive 
treatment 
(% original mass) 
na 
1.7 
2.4 
22.1 
Further mass lost 
following 48 hr immersion 
in Lees Creek 
(% original mass) 
3.85 
3.15 
4.00 
0.55 
E. viminalis leaves 
Mass lost due 
to extractive 
treatment 
(% original mass) 
na 
18.0 
20.1 
48.8 
Further mass lost 
following 48 hr immersion 
in Lees Creek. 
(% original mass) 
14.6 
19.8 
18.8 
4.1 
Table 3.6 Linear and exponential models of breakdown rates based on percent dry mass remaining for chemically extracted A. melanoxywn 
phyllodes and E. viminalis leaves Immersed In Lees Creek 
Treatment Time of Linear model Exponential model 
immersion Y intercept k SE R' F T.so k SE R' F 
A. melarwxylon 7 X 7 mm mesh August 1.0205 0.0110 0.00060 0.985 333••• 47 0.0178 0.00018 0.943 97""" 
no extraction 
A. melarwxylon 7 X 7 mm mesh August 1.0106 0.0099 0.00047 0.989 445··· 50 0.0155 0.00095 0.978 267""" 
ether extraction 
A. melarwxy/on 7 X 7 mm mesh August 0.9937 0.0103 0.00080 0.970 164000 50 0.0159 0.00159 0.943 100000 
ether, alcohol extraction 
A. melarwxylon 7 X 7 mm mesh August 1.0291 0.0073 0.00036 0.988 412··· 72 0.0087 0.00063 0.969 188··· 
ether, alcohol, hot water extraction 
E. viminalis 7 X 7 mm mesh February 0.9148 0.0092 0.00106 0.926 75·· 45 0.0385 0.00942 0.705 17"" 
no extraction 
E. viminalis 7 X 7 mm mesh February 0.8087 0.0091 0.00058 0.977 251··· 38 0.0370 0.00634 0.829 3400 
ether extraction 
E. viminalis 7 X 7 mm mesh February 0.8258 0.0081 0.00049 0.978 211··· 36 0.0273 0.00380 0.881 52"" 
ether, alcohol extraction 
E. viminalis 7 X 7 mm mesh February 0.9520 0.0113 0.00053 0.987 444••• 40 0.0399 0.00795 0.782 2500 
ether, alcohol, hot water extraction 
*p<0.05, **p<0.005, ***p<0.0005 
Table 3.7 Comparisons between linear regression decay models of chemically extracted and unextracted 
control phyllodes and leaves placed in Lees Creek. 
Leaf and/or phyllode treatments compared 
with controls 
A. melanoxylon phyllodes 
ether extraction vs control 
ether & ethnol extraction vs control 
ether, ethanol & hot water extraction vs control 
E. viminalis leaves 
ether extraction vs control 
ether & ethanol extraction vs control 
ether, ethanol & hot water extraction vs control 
a. Slopes and Y intercepts are listed in Table 3.5 
Comparison of slope• Comparison of Y intercepts• 
F probb. F probb. 
0.75 0.3911 
0.81 0.3730 
12.17 0.0010 
2.23 0.1423 
0.00 l.0000 
7.60 0.0085 
0.84 
0.07 
14.90 
20.37 
0.3634 
0.7956 
0.0004 
0.0001 
b. The probability is that the difference detected between either the slopes or the Y intercepts has occurred 
through chance alone. 
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3.5. BREAKDOWN OF E. viminalis BARK AND TWIGS INSERTED INTO 
LEES CREEK 
3.5.1. Materials and Methods 
3.5.1.1. Collection and containment of bark and twigs 
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Dry, recently detached, branches of E. viminalis were collected from the ground. Twigs 
140 mm long and seven to ten millimetres diameter, with bark still firmly attached, were 
cut from branch ends and placed into coarse mesh bags. Since decomposition rates of 
woody materials can be influenced by surface to volume ratios (Golladay and Sinsabaugh 
1991) an effort was made to keep the twig material in the bags as uniform as possible. 
The bags were 160 mm long and 100 mm across with 7 mm by 7 mm mesh size, and 
contained eight to ten twigs to accord with the above. Dry loose bark was removed from 
the trunk of one tree and dried at 4ooc for seven days. Strips of bark 100 to 140 mm 
long and from 2 to 3 mm thick were placed into other coarse mesh bags to a weight of 
twenty grams. 
3.5.1.2. Assessing decomposition of bark and twigs 
All bags were attached to metal frames and placed into Lees Creek on 27 December 
1989 at Site 1. Four bags each of bark and twigs were removed at intervals indicated in 
Figure 3.8. Once the fungal sampling was complete the bark was dried to a constant 
mass at 40°C and the mass remaining recorded. Twig mass loss was not measured 
because it was assumed that loss rates would be in years and outside the scope of the 
present study. 
3.5.2. Results 
3.5.2.1. Decay of bark 
With bark there was no lag phase or rapid leaching losses at the start (Fig. 3.8). Decline 
in mean dry mass of the bark appeared to follow an exponential decay curve. 
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Accordingly, natural logarithmic transformation was applied to the data (proportion of 
original dry mass of bark remaining), and data (excluding time=O) were fitted to the 
negative exponential model W d=W 0e-kd (Petersen and Cummins 1974) by least squares 
regression. The coefficient of decay 'k' was -0.0068 (S.E.= 0.00025; R 2=0.97). 
Significance of the relationship was tested by analysis of variance and found to be 
p<0.0001. Based on this derived model, only 50% of the bark remained after 102 days, 
and only 10% of the bark remained after 400 days immersion. By 400 days the bark had 
decayed to the point where it disintegrated upon touch. 
3.5.2.2. Observations on the twigs 
The bark on the twigs showed signs of severe deterioration by September (270 days 
submersion), and few twigs had any bark covering left by November (330 days 
submersion). By the end of this study (390 days), some twigs also showed signs of deep 
gouges along the surf ace. 
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3.6. DISCUSSION 
3.6.1. Riparian versus forest litterfall 
Total annual riparian litterfall was essentially the same as litterfall in the adjacent forest 
(Tables 3.1 & 3.2). However, the proportional contribution of overstorey versus 
understorey leafy components differed to some degree (Tables 3.1 & 3.2). With this 
qualification, litterfall at Lees Creek can be compared with litterfall in other temperate 
Australian eucalypt forests. Total annual average litterfall recorded in both riparian and 
adjacent forests ( 4.52 and 4.21 t ha-1 r 1) was found to be within the range of values 
published for other temperate Australian forests e.g. McColl (1966; 6.84 t ha-1 y- 1) and 
Park (1975; 3.56 t ha-1y-1 ). 
The contribution to total riparian litterfall from the understorey vegetation was high 
(12.5%) when compared to the adjacent forest (2.9% ), but is comparable on a 
percentage basis to that recorded by Ashton (1975; 15.4% ), Blackburn and Petr (1979; 
14%) and O'Connell and Menage (1982; 13.8%). 
Seasonal patterns of riparian and adjacent forest litterfalls were also relatively close. 
Maximum accession rates occurred from late spring to early autumn, which is similar to 
the timing of maximum litterfall reported from other studies of temperate eucalypt 
forests e.g. Hutson (1985) and Lamb (1985). 
From the above it seems that Lees Creek is likely to be typical of any stream flowing 
through an undisturbed catchment in the upland regions of south-eastern Australia, in 
terms of the amount of coarse particulate matter received from the riparian vegetation. 
3.6.2. Differential inputs 
Eucalypt leaf fall contributed proportionally more to total litterfall during the summer 
litterfall peak than during the winter litterfall trough (Figure 3. lc ). Leaf fall from species 
in the riparian understorey generally paralleled eucalypt leaf fall (maximum in summer, 
minimum in winter) except during early spring, where understorey leaf/phyllode fall 
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exceeded overstorey leaf fall (Figure 3.lc). 
The fall of both bark and twig components was less seasonal than the leafy components. 
Although the highest amount falling in any one month each year for each of these 
components occurred in summer, smaller peaks occurred at other times of the year 
(Figure 3.2d & e). From the pattern of bark and twig fall it seems that stochastic events 
such as storms and high wind speed may hold greater influence over the timing of bark 
and twig material entering Lees Creek than deterministic seasonal factors. Nevertheless 
the proportional contribution to total litterfall by twigs and to a lesser extent bark is 
always greatest during the winter months (Figure 3b ). Thus leafy materials contribute 
least to litterfall when total litterfall is lowest (Figures 3.la & c). 
3.6.3. Differential decay rates 
3.6.3.1. Different materials 
Decay rates of the four litter materials studied (leaves, bark & twigs of E.viminalis and 
phyllodes of A. melanoxylon), show that the material entering Lees Creek from the 
riparian vegetation falls into two distinct categories: (i) materials which persist for a year 
or more; and (ii) non-persistent materials which breakdown in less than a year. 
In the first category, twigs and a small proportion of the bark ( 10-20%) persist in the 
stream for greater than one year (Section 3.5). No other comparable study of E. 
viminalis bark and twig decomposition is available to serve as a comparative basis with 
this study. 
In the second category the non-persistent leaves of E. viminalis and phyllodes of A. 
melanoxylon only remain in the stream between one to four months before joining the 
pool of fine particulate matter (Section 3.3). O'Keefe and Lake (1987) also studied the 
breakdown of A. melanoxylon phyllodes and E. viminalis leaves in a small upland stream 
in victoria. Only half the mass of their eucalypt leaves remained after thirteen days, while 
32% of the mass of the Acacia phyllodes remained after 156 days. If the decomposition 
of the Acacia phyllodes followed the exponential model as O'Keefe and Lake (1987) 
suggest then a portion of the phyllodes in their stream might persist into the next year. 
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Decomposition of picked materials was found by Campbell et al. (1992b) to be faster 
than the decomposition of abscissed materials. Based on the findings of Campbell et al. 
(1992b), it is possible that the breakdown rate of A. melanoxylon phyllodes recorded in 
the present study is in fact an overestimate because the phyllodes used were picked from 
the tree, although phyllodes of A. melanoxylon do fall whilst still green, and only the 
most mature phyllodes were picked. 
These differences in longevity of litter materials could be significant for aquatic 
hyphomycete fungi. The persistent materials, especially twigs, have the potential to 
sustain populations of fungi continuously through the year and from year to year. The 
non persistent materials could only sustain fungal populations for a few months, which 
poses a problem about the availability of inoculum needed to invade fresh peaks of leaf 
litter each year. 
3.6.3.2. Different times of year 
3.6.3.2.1. Fine mesh bags 
The small aperture mesh bags used in this study (0.5 mm) would have inhibited access by 
all but the smallest of macroinvertebrates to the litter contained in them. The small mesh 
size would also slow the passage of water through the bags, and this was no doubt 
responsible for the observed deposition of sediment within the bags. Reduction in water 
flow, deposition of sediment, and biological and chemical activity, all would have 
combined to produce the anaerobic conditions indicated by the blackened state of the 
leaves removed from the fine mesh bags. Even though the catchment upstream of the 
study is undisturbed, sufficient fine particulate matter is apparently transported in Lees 
Creek to cause any attempt at partitioning mechanisms of decomposition by such use of 
different mesh sizes, to be impracticable. 
Nevertheless the data on seasonal mass loss rates in fine mesh bags are interesting 
because they demonstrate that in the absence of any substantial macroinvertebrate 
feeding, leaves and phyllodes decay faster in summer than in winter, even though during 
this study the maximum seasonal temperature differential in Lees Creek was only seven 
degrees centigrade. In a Western Australian stream, Bunn (1988) found that leaves of E. 
marginata in fine mesh bags also broke down faster in summer than in winter. It would 
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seem that when microbial processes predominate as causes of breakdown there is a 
positive relationship between mass loss and cumulative water temperature. This positive 
relationship is in agreement with conventional wisdom on litter decomposition derived 
via northern hemisphere studies of litter breakdown as reviewed in Webster & Benfield 
(1986). 
3.6.3.2.2. Coarse mesh bags 
In the study of E. viminalis leaves and A. melanoxylon phyllodes decomposition based 
on leaf packs inserted into two streams at forest and pasture sites, Campbell et al. 
(1992b) could find no consistent seasonal pattern in breakdown rates. In contrast with 
the findings of Campbell et al. (1992b), and with findings from small aperture mesh bags 
in the present study, leaves and phyllodes in large mesh bags broke down faster in winter 
than summer, indicating that processes other than microbial decay must also be 
important in Lees Creek. Alternative factors to microbial activity implicated in the 
breakdown of leaves to consider are: abrasion by physical processes associated with 
water current, and feeding by stream invertebrates. 
Water current velocity - Leaves and phyllodes placed into Lees Creek in winter entered 
the stream at a time when water depth and flow was consistently higher than in summer. 
However, periods of high rainfall in March and April and subsequent minor flooding did 
not produce any corresponding change in mass loss rates for the summer immersed 
leaves or phyllodes (Figure 3.5). Since the litter was enclosed in bags the influence of 
current breakdown rates would seem likely to be minor. It may also be that because of 
the sclerophyllous nature of both the leaves and phyllodes used in this study, water 
current is a minor contributor to the breakdown of these leafy materials in Lees Creek. 
Stewart & Davies (1989) have shown that the effect of water velocity on leaf mass loss 
as a result of abrasion and subsequent fragmentation is leaf species-dependent. 
Macroinvertebrate feeding - Eucalyptus viminalis leaves and A. melanoxylon phyllodes 
inserted into Lees Creek during summer, entered the stream at a time of low water depth 
and low flow rate for at least the first six weeks, and also at a time when litterf all was 
high (Figure 3.1 ). As a consequence of these two factors large concentrations of litter 
had accumulated in Lees Creek (pers. obs). Bunn (1986; 1988) studied 
macroinvertebrate populations in several streams in the south-west of Western Australia 
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and found maximum densities of shredding macroinvertebrates to occur in the winter, 
and from that work suggested that Australian streams lack the synchrony between 
population peaks of shredding invertebrates and the pulse of litterfall typical of streams 
in the northern hemisphere deciduous forests (e.g. Cummins et al. 1989). Unfortunately 
such a study has not been attempted in Lees Creek and the population dynamics of 
macroinvertebrates in Lees Creek are unknown. It may be that along with the streams of 
South-Western Australia, the macroinvertebrate populations in Lees Creek are not well 
synchronised to the peak pulse of litter entering the stream. Thus the abundance of 
suitable food for macroinvertebrates during the summer/autumn period of peak litterfall 
may be greater than the capacity of the invertebrate populations to capitalize on it. 
Hence the bagged leaves and phyllodes which were placed into the stream in February 
became just a small addition to large quantities of similar material already present in the 
stream. Conversely, because there is low litterfall into Lees Creek during winter and 
early spring (Figure 3.1), food could be a limiting factor for the shredding 
macroinvertebrates present. In winter, freshly fallen leaves appeared to be readily seized 
upon by the macroinvertebrates, which then proceeded to skeletonize them rapidly. 
Richardson (1991), in an experimental manipulation oflitter input into channels of 
Mayfly Creek, British Columbia, demonstrated the occurrence of seasonal food 
limitation for macroinvertebrate detritivores. Thus litter placed into Lees Creek in 
August might provide a significant resource at a time when the available food resource is 
very small relative to the invertebrate population. This phenomenon would explain the 
faster breakdown of leaves and phyllodes in winter compared to that of summer. It is 
likely that this finding at Lees Creek has general relevance within perennial upland 
South-eastern Australian streams, and it would be worth studying other waterways to 
check whether leafy materials breakdown faster in the cool winter waters, than in the 
warmer waters of summer. 
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3.6.4. Availability of litter or other heterotronhic resources throuehout the year. 
3.6.4.1. Leafy materials 
For the aquatic hyphomycete community utilizing leafy components of litterfall as a 
resource, the overall outcome in terms of resource availability, derived from the above 
consideration of the patterns of litter input to the stream and its subsequent 
decomposition, is as follows. The summer peak litter input to the stream together with 
slow decomposition rates in summer/autumn provide a large pulse of leafy material in the 
stream lasting approximately from December to April. By winter, and through spring, 
low amounts of litter entering the stream, combined with rapid breakdown rates of leafy 
materials, would result in very limited availability of this resource for the support of 
fungal growth and reproduction. 
3.6.4.2. Bark and twigs 
The relatively aseasonal input of bark and twigs into Lees Creek, coupled with the 
persistent nature of the these materials once in the stream (described above), suggests 
that there is a continual presence of these litter components available as a resource for 
the fungal community in the stream. It would seem likely, because of slow 
decomposition rates, that most of the time bark.and twig resources together would 
constitute the major pool .of coarse particulate organic material in streams such as Lees 
Creek. Such a pool could, however, following the scouring of the stream channel by a 
major flood event, probably for a while, be dominated by leafy materials. Shearer (1992) 
has suggested that in northern hemisphere streams, for most of the year wood is a more 
important resource than leaves for aquatic hyphomycetes. 
3.6.4.3. Ferns and sedges on the stream bank. 
Data are not available on the decomposition rates of fern fronds and sedge leaves, nor is 
it known to what extent the decomposition of ferns and sedges which line the stream 
actually occurs within the aqueous environment. Personal observations suggest that 
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when the stream is low during summer, ferns and sedges contribute very little to the 
resource requirements of the aquatic hyphomycete community. In winter and spring or 
during high flow events when the stream rises to envelop the trailing fern fronds and 
sedge leaves, this material becomes available to the aquatic hyphomycetes in significant 
quantities and so may provide a major resource when there is little other leafy material 
available. 
3.6.5. Extractive treatments 
Although some levels of the extractive leaching treatments produced statistically 
significant differences in mass loss rates between extracted and unextracted leaves and 
phyllodes, the overall effects of such treatments were relatively minor (Section 3.4.). The 
differences in litter mass loss rates between seasons, between bag mesh sizes, and 
between litter types (phyllodes versus leaves) were much greater than those caused by 
the extractive treatments. It would seem that the gross physical structure of the leaves 
and phyllodes has a greater importance in influencing mass loss than the chemical 
substances removed by the extractive leaching processes. 
The only point which might merit further investigation is the discrepancy between the 
effects of the full ether-ethanol-hot water extractive pretreatment on E. viminalis leaves 
and A. melanoxylon phyllodes, where the leaf decay rate was increased relative to 
untreated leaves and the phyllode decay rate was slowed relative to the untreated 
phyllodes. 
53 
CHAPTER 4 
AQUATIC HYPHOMYCETES IN RELATION TO LITTER 
4.1. INTRODUCTION 
Aquatic hyphomycetes have been recorded from a wide range of decaying plant materials 
(section 1.4.). Plant materials entering Lees Creek vary seasonally, both in terms of total 
monthly falls and in the contribution of different components of litter (section 3.2). This 
seasonally variable litter can be broadly classified into persistent material i.e. wood and 
bark, and non- persistent material i.e leafy materials (sections 3.3 & 3.5). The aims of the 
study addressed in this chapter were: (i) to determine whether any of the aquatic 
hyphomycetes found in Lees Creek are litter-type specific, or whether all species occur 
more generally on a wide range of litter types; (ii) to determine whether distinct seasonal 
patterns of occurrence of aquatic hyphomycetes are evident and whether these patterns 
differ among litter types; (iii) to determine whether the presence of inhibitory substances 
in leaves of E. viminalis and phyllodes of A. melanoxylon may influence fungal 
colonization; and (iv) to determine whether aquatic hyphomycetes show any successional 
patterns during colonization of litter. 
To address these aims two different approaches were used. The first involved removal of 
naturally entrained litter from the stream and examination of the fungi present. The 
second involved placing selected litter material into the stream, and examining fungal 
colonization of these over time. 
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The chapter is organized as follows. Section 4.2. describes recovery of aquatic 
hyphomycetes using a leaf disk sampling technique applied to naturally entrained 
phyllodes of A. melanoxylon and leaves of E. viminalis recovered from Lees Creek. 
Section 4.3. compares aquatic hyphomycetes from eight diverse litter types collected 
from Lees Creek, using bulk samples aerated in water columns to stimulate spore 
release. Sections 4.4 and 4.5 describe two parts of a single large experiment on fungal 
colonization of A. melanoxylon phyllodes and E. viminalis leaves inserted into Lees 
Creek, using a leaf disk sampling method. Section 4.4 compares colonization of 
phyllodes of A. melanoxylon and leaves of E. viminalis at two different times of the year. 
Section 4.5 describes the effects of different forms of chemical extractive pretreatments 
of leaves on fungal colonization. This large experiment is associated with the litter decay 
experiment previously described in CHAPTER 3 (Sections 3.3 and 3.4). Section 4.6 
describes an experiment on colonization of bark and twigs inserted into Lees Creek, 
using the aerated water column technique to stimulate spore production for identification 
of the fungi present. 
4.2 AQUATIC HYPHOMYCETES OCCURRING ON PHYLLODES OF 
A. melanoxylon AND LEAVES OF E. viminalis NATURALLY ENTRAINED 
IN LEES CREEK 
The first study focussed on the fungi to be found growing on two common litter types: 
leaves of Eucalyptus viminalis and phyllodes of Acacia melanoxylon. 
4.2.1. Materials and Methods 
4.2.1.1. Sampling litter 
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At two to three week intervals from February 1988 to May 1989, leaves of E. viminalis 
and phyllodes of A. melanoxylon were collected from naturally occurring leaf packs 
along a lOOm section of Lees Creek immediately upstream of Site 1 (Figure 2.3). Leaves 
and phyllodes which appeared to be freshly fallen and hence unlikely to be colonized by 
aquatic hyphomycetes, and leaves in a blackened condition and likely to have been 
subject to anaerobic conditions, were discarded. Leaves and phyllodes which appeared to 
be in an intermediate state of aerobic decay were immediately placed in polythene bags 
for transport to the laboratory. 
4.2.1.2. Incubating leaf disks 
On return these were rinsed in several changes of distilled water and left to surface dry. 
One disk of 6mm diameter was cut from the centre of each phyllode, or from either side 
of the leaf mid-rib, using an alcohol-dipped, flame-sterilized cork hole borer. A total of 
20 disks were removed from phyllodes of A. melanoxylon and a further 20 disks from 
leaves of E. viminalis. Each disk was placed separately in one well of a multiwelled 
tissue culture plate (Falcon, No. 3008), covered with 5mm of distilled water and 
incubated in the dark at 10oc for three days to encourage spore formation. 
4.2.1.3. Assessing the fungi present on leaf disks 
After incubation each disk was then transferred to a separate vial containing lactophenol 
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cotton blue, and heated at 60°C for 24 hours to fix and stain any fungi present. After 
cooling, both sides of each disk were examined under a microscope at 1 OOX and 400X 
magnifications to detect and identify sporulating fungi. Where identification proved 
difficult, 1 OOOX magnification was also sometimes used. The eucalypt leaves and Acacia 
phyllodes examined in this study were 1 - 2mm thick, and contained dark coloured 
pigments as is usual for sclerophyllous Australian vegetation. Consequently, conidia 
occurring on the leaf surfaces were often difficult to see, particularly in the case of 
species with small conidia. In such cases the manner of development and the way conidia 
were borne on their conidiophores could not be ascertained. Accordingly, species 
sometimes had to be identified on the basis of detached conidia, instead of from conidia 
attached to conidiophores as preferred. 
For each leaf disk, species were simply scored as present or absent. Thus the relative 
abundance of different species on each occasion was indicated by the proportion of disks 
on which they occurred. 
4.2.1.4. Measuring water properties 
Water temperature, conductivity and pH were measured using a multi electrode probe on 
each sampling occasion (details of this technique are given later in CHAPTER 5). 
4.2.2. Results 
4.2.2.1. Species richness. 
Of the 560 leaf disks sampled from each species, 380 disks from A. melanoxylon and 
426 disks from E. viminalis were colonized by sporulating aquatic hyphomycetes (Table 
4.1). Apart from a short period from July to September when only a low number of disks 
of A. melanoxylon were colonized, there were no seasonal trends in colonization. During 
the study the number of species detected per disk ranged from zero to ten for A. 
melanoxylon and from zero to eleven for E. viminalis. The mean number of species per 
disk ranged from 0.7 to 4.85 for A. melanoxylon and from 1.2 to 5.55 for E. viminalis 
(Table 4.1), with overall means for all samples combined being 2.24 and 2.46 
respectively. When adjusted to take only colonized disks into account (i.e. ignoring zero 
scores) the mean number of species per disk for all the samples became 3.30 for A. 
melanoxylon and 3.23 for E. viminalis. 
4.2.2.2. Range of species encountered 
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A total of 38 species were detected on A. melanoxylon phyllodes and on E. viminalis 
leaves (Table 4.2). Twenty two of those species have been identified from the literature, 
five more species have been tentatively allocated to genera, leaving eleven fungi of 
unknown affinities (Table 4.2). 
Most common species. - The percent occurrence of the ten most frequently encounted 
aquatic hyphomycete species, based on disks colonized during the entire period of the 
study, is shown in Table 4.3. The species which occurred most frequently on phyllodes 
of A. melanoxylon were A. acuminata, and T. chaetocladium (53.7 % and 49.3% of 
colonized disks respectively). On leaves of E. viminalis, T. elegans and T. 
chaetocladium were the two species which occurred most frequently (71.9% and 50.9% 
of colonized disks respectively). Of the ten species examined, seven showed significant 
(Chi2 df=l p<0.05) preferences for either A. melanoxylon or E. viminalis. Thus A. 
acuminata, Cl. aquatica and Flagellospora Sp.33 occurred significantly more frequently 
on A. melanoxylon, while A. crassa, Cu. aquatica , L. curvula and T. elegans occurred 
significantly more frequently on E. viminalis. 
4.2.2.3. Seasonal patterns. 
Figure 4.1 shows the seasonal occurrence of the ten most frequently encounted species. 
Three seasonal patterns of occurrence were evident among these, the first pattern, 
species with higher frequency of occurrence over summer and autumn, was represented 
by F. penicillioides, L. curvula and L. cymbiformis (Figs 4.la,b,c). A second pattern, 
where fungi were more common from spring to early summer and often absent during 
late summer and autumn, was represented by Cl. aquatica and A. acuminata on E. 
viminalis leaves (Figs 4.ld,e). The third pattern was an absence of seasonal changes in 
occurrence as found in the species Flagellospora sp.33, T. chaetocladium and T. 
elegans (Figs 4.lf,h,j). The last of these, T. elegans, occurred on phyllodes of A. 
melanoxylon as three distinct peaks throughout the study. For the remaining fungi, A. 
crassa and Cu. aquatica, any seasonal pattern which might have existed was obscured 
by their low frequency of occurrence (Figs 4. lg,i). 
4.2.2.4. Water conductivity, pH and temperature. 
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Conductivity of Lees Creek was low throughout the study, ranging from 21 to 39 µS 
cm-1 (Fig. 4.2a), and pH was slightly above neutral (7 .15) to mildly acidic (6.2) (Fig. 
4.2b). Neither conductivity nor pH showed any seasonal trend. Water temperature 
peaked at 13.2 °c during summer and autumn and fell to a minimum of 6.4°C in winter 
(Fig. 4.2c ). 
Table 4.1 Fungal colonization of naturally occurring Acacia melanoxylon phyllodes and 
Eucalyptus viminalis leaves removed from Lees Creek from March 1988 to May 
1989. 
Acacia melanoxylon Eucalyptus viminalis 
Date Fungal species No. Disks Fungal species No. Disks 
per disk colonized per disk colonized 
Range Mean SE N Range Mean SE N 
l 1-Mar-88 0 - 4 1.40 0.32 20 12 0 - 7 1.20 0.43 20 9 
29-Mar-88 0 - 5 0.85 0.33 20 7 0 - 4 1.20 0.30 20 11 
15-Apr-88 0 - 3 1.20 0.25 20 13 0 - 7 3.00 0.45 20 16 
29-Apr-88 0 - 8 3.30 0.52 20 18 2 - 9 5.55 0.39 20 20 
13-May-88 0 - 10 4.35 0.60 20 19 0 - 5 2.55 0.33 20 18 
30-May-88 0 - 8 1.60 0.56 20 9 0 - 9 3.95 0.60 20 18 
14-Jun-88 0 - 8 3.15 0.64 20 14 0 - 9 1.85 0.54 20 12 
30-Jun-88 0 - 6 1.90 0.44 20 14 0-9 2.45 0.54 20 16 
14-Jul-88 0 - 5 1.00 0.34 20 9 0 - 11 1.80 0.61 20 12 
29-Jul-88 0 - 6 0.70 0.33 20 7 0 - 11 2.25 0.62 20 14 
12-Aug-88 0 - 6 0.95 0.43 20 6 0 - 8 3.35 0.53 20 19 
26-Aug-88 0 - 5 1.05 0.39 20 7 0 - 7 2.55 0.45 20 16 
15-Sep-88 0 - 6 1.30 0.40 20 9 0 - 5 1.55 0.37 20 14 
30-Sep-88 0 - 6 1.90 0.43 20 13 0 - 6 2.30 0.36 20 17 
14-0ct-88 0 - 7 2.45 0.55 20 12 0 - 8 2.40 0.50 20 17 
28-0ct-88 0 - 9 3.10 0.52 20 18 0 - 6 2.10 0.46 20 14 
14-Nov-88 0 - 7 2.25 0.41 20 16 0 - 5 2.00 0.36 20 15 
Ol-Dec-88 0 - 8 2.75 0.45 20 19 0 - 7 2.75 0.52 20 15 
16-Dec-88 0 - 6 2.30 0.36 20 17 0 - 7 1.90 0.42 20 15 
02-Jan-89 0 - 6 2.45 0.49 20 14 0 - 9 3.80 0.57 20 18 
15-Jan-89 0 - 8 1.85 0.47 20 15 1 - 7 3.70 0.33 20 20 
30-Jan-89 0 - 8 2.40 0.45 20 17 0 - 7 2.90 0.48 20 17 
15-Feb-89 0 - 10 3.85 0.66 20 19 0 - 6 1.80 0.51 20 10 
01-Mar-89 0 - 7 3.80 0.59 20 17 0 - 5 1.95 0.36 20 15 
15-Mar-89 0 - 8 4.85 0.56 20 18 0 - 6 1.60 0.45 20 11 
31-Mar-89 0 - 7 2.30 0.42 20 17 0 - 6 2.90 0.42 20 17 
28-Apr-89 0 - 6 1.40 0.43 20 10 0-4 1.70 0.28 20 16 
15-May-89 0 - 9 2.35 0.56 20 14 0 - 5 1.90 0.39 20 14 
Overall 2.24 0.10 560 ,380 2.46 0.09 560 426 
Table 4.2. Aquatic hyphomycetes recorded from Lees Creek on disks cut 
from naturally occurring phyllodes of Acacia melanoxylon and 
on leaves of Eucalyptus viminalis. 
a) Identified to species 
Alatospora acuminata sensu Lato 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora longissima 
Ingold 
Articulospora tetracladia 
Ingold 
Clavariopsis aquatica 
de Wildeman 
Clavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova 
& Descals 
Culicidospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
Dimorphospora foliicola 
Tubaki 
Flagellospora penicillioides 
Ingold 
b) Tentatively identified to genera 
Heliscus lugdunensis 
Sacc & Therry 
Lemonniera aquatica 
de Wildeman 
Lunulospora curvula 
Ingold 
Lunulospora cymbiformis 
Miura 
Tetrachaetum elegans 
de Wildeman 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium gracile 
Ingold 
Tricladium splendens 
Ingold 
Triscelophorus acuminatus 
Nawawi 
Tripospermum myrti 
(Lind.) Hughes 
Arborispora sp? sp.26 Fusarium spp. sp.12 Mycocentrospora ? sp.49 
Flagellospora sp.33 Flagellospora sp.41 
c) Apparently undescribed species 
unknown sp.8 unknown sp.23 unknown sp.38 unknown sp.47 
unknown sp.18 unknown sp.25 unknown sp.40 unknown sp.50 
unknown sp.20 unknown sp.32 unknown sp.45 
Spores of all species are illustrated in Appendix I 
Table 4.3. Percent occurrence of the ten most common aquatic 
hyphomycetes species recorded from colonized disks of 
naturally occurring Acacia melanoxylon phyllodes and 
Eucalyptus viminalis leaves over the period of sampling. 
Fungal 
Species 
Alatospora acwninata 
Anguillospora crassa 
Clavariopsis aquatica 
Culicidospora aquatica 
Flagellospora penicillioides 
Flagellospora Sp.33 
Lunulospora curvula 
Lunulospora cymhif ormis 
Tetrachaetum elegans 
Tricladiwn chaetocladiwn 
% occurrence on 
A. melanoxylon E. viminalis 
53.7 
2.7 
32.5 
5.5 
10.2 
33.1 
6.4 
39.9 
25.1 
49.3 
13.3 
9.4 
16.4 
14.1 
15.0 
12.2 
20.9 
46.0 
71.9 
50.9 
128.6 s 
15.9 s 
29.1 s 
10.8 s 
2.9 NS 
37.7 s 
16.6 s 
1.6 NS 
56.9 s 
0.0 NS 
* Chi2 based on raw counts, significant difference declared (S) at P<0.05 
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Figure 4.1 Seasonal occurrence of ten species of aquatic hyphomycetes on naturally entrained 
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4.3 A COMPARISON OF AQUATIC HYPHOMYCETES FROM EIGHT 
DIVERSE LITTER TYPES COLLECTED FROM LEES CREEK 
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This represents an extension of the work on hyphomycetes from naturally entrained 
leaves and phyllodes, with the objective of encompassing a greater variety of the litter 
types found in the stream. A different technique was neeeded to assess the fungi present, 
since fern fronds, bark and twigs etc. did not lend themselves to the disk method. 
4.3.1 Materials and Methods 
4.3.1.1 Sampling litter 
At weekly to fortnightly intervals from December 1989 to April 1990 (summer/autumn 
samples), and from July to November 1990 (winter/spring samples), eight litter types 
were sampled. Leaves, twigs and bark of E. viminalis, phyllodes and bark of A. 
melanoxylon, leaves of Pomaderris aspera, fronds of the fern Blechnum nudum and 
leaves of a sedge Cyperus sp. were collected within 100 m upstream of Site 1, and 
transported to the laboratory in plastic bags. 
4.3.1.2. Aerated incubation procedure 
Upon return the material was washed in several changes of tap water to remove alien 
material and loose spores. Then quantities of each separate litter type, judged to have 
approximately equal surface areas, were placed into glass jars and forcibly washed again 
under jets of tap water to remove further loose spores. Each jar was then filled with 500 
ml of water and placed in an incubator at 10°C. Each jar was aerated by pumping air 
through porous aquarium blocks, using a ten minute on/off cycle and a manifold with 
equal-length tubing to equalize airflow through each jar. 
4.3.1.3. Membrane filtration of spores released into water 
After two days of incubation, 100-150 ml of water was taken from each jar and 
immediately filtered through 47 mm diameter cellulose acetate membrane filters. 
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Effective pore size of these membrane filters ranged from three to eight microns 
(Millipore SS 3µ or SC 8µ), depending upon filter availability. The membrane filter was 
transferred from the filtration apparatus into a 50 mm diameter petri dish. The membrane 
filter and spores collected on the surface were allowed to dry until just moist. Then a 
drop of lactophenol cotton blue was placed on to the filter and allowed to spread over 
the surface. The procedure was repeated until the entire surface was just covered with a 
thin layer of lactophenol cotton blue. A lid was then placed on the petri dish and dishes 
stored in a humidified box until counted. 
4.3.1.4. Assessing spores collected on membrane filters 
To count and identify the spores on the filter, the entire filter was placed on a 75mm by 
50mm microscope slide and covered with a large cover slip. Gentle pressure was applied 
to this to remove air bubbles and flatten the filter. The surface of the filter was then 
examined under a compound microscope equipped with wide-field eye pieces and flat 
field objectives. Where moderate numbers of spores were collected, the entire filter was 
examined at 100 and 400 X magnification and all spores identified and counted. Where 
large numbers of spores were collected, the filter was subsampled using a pattern of 
random points on a regular grid. In the latter case the entire filter was subsequently 
scanned to detect and record the presence of infrequent species. 
Species abundance was assessed from each litter type at each sampling time by two 
alternative approaches: firstly by scoring species as present or absent; and secondly by 
determining the proportional contribution which the spores of each species made to the 
total spore count. 
4.3.2 Results 
4.3.2.1. Range of species detected. 
The eight different litter types incubated in aerated water, were each sampled on 17 
occasions: 9 times during summer to early autumn (except for acacia bark which was 
examined 8 times), and on 8 occasions during mid winter to late spring. From these eight 
litter types a total of 48 hyphomycete species were detected (Table 4.4). Of these fungi, 
28 appear to have been described and named, and six species have been tentatively 
identified to genera (Table 4.4). Fourteen spore types which could not be related to a 
previously described species were allocated a species number (Table 4.4). 
4.3.2.2. Overall abundance of different species. 
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Species of aquatic hyphomycetes were scored as present 1945 times during the 
examination of 135 membrane filter samples (Table 4.5). The most frequently detected 
species were A. acuminata, T. chaetocladium, L. cymbiformis, T. elegans, 
Flagellospora sp.33, Species 50, Cl. aquatica, F. penicillioides and Flagellospora sp.41 
(Table 4.5). When summed, the frequency of occurrence of these nine species accounted 
for >50% of all presence scores. From the 47 species detected, one third accounted for 
<5% of total scores. The least frequent species were A. longissima, T. terrestre, A. 
pulchella and unknown species Sp.51 and Sp.68 (Table 4.5). Over the total period of 
sampling, twigs and fern fronds provided the largest and the smallest number of species 
presence scores respectively. The number of species recorded from each litter type 
ranged from a minimum of 28 species on the leaves of E. viminalis to 34 species each on 
sedge leaves and eucalypt twigs (Table 4.5). 
4.3.2.3. Relationship between species, litter type and season. 
More than 90% of all spores detected on the leaves of E. viminalis and P. aspera, 
Acacia phyllodes and Eucalyptus bark, and 50% of all spores detected on Acacia bark 
and Eucalyptus twigs (Fig. 4.3), came from the seven most frequently detected species 
(Table 4.5). In the summer/ autumn period, L. cymbiformis was the predominant spore 
producer on leaves of E. viminalis and P. aspera, phyllodes of A. melanoxylon and on 
bark and twigs of E. viminalis, while spores of A. acuminata predominated from the 
three remaining litter types, i.e. A. melanoxylon bark, fern fronds and sedge leaves (Fig. 
4.3). During the winter/spring period L. cymbiformis lost its pre-eminent position on 
most litter types but remained the most abundant spore producer on leaves of E. 
viminalis. A. acuminata became the most abundant on all other litter types except 
phyllodes of A. melanoxylon, where T. chaetocladium predominated (Fig. 4.3). 
Tricladium chaetocladium also became common on leaves of E. viminalis during winter 
and spring, and on sedge leaves and Acacia phyllodes over summer and autumn. The 
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remaining four commonly occurring species appeared to be important in terms of spore 
production on the following litter types: Clavariopsis aquatica on sedge leaves and 
Acacia phyllodes, particularly in winter/spring; F. penicillioides on Eucalyptus twigs and 
on A. melanoxylon phyllodes in summer/autumn; T. elegans on leaves of P. aspera and 
E. viminalis; species Sp.50 on the bark of E. viminalis (Fig. 4.3). 
Twenty eight species contributed 5% or more of the spores counted on one or more of 
the litter types, at one or more sampling times. Considering these species only, fern 
fronds and leaves of E. viminalis had the least number of major species (based on 
frequency of occurrence) while the twigs of E. viminalis and bark of A. melanoxylon had 
the greatest variety of major species (Table 4.5). Again considering only those species 
contributing 5% or more of spores collected, seasonal differences in the relative 
importance of fungal species among litter type also became more evident. For example, 
L. cymbiformis was a minor component of the fungal community on fern fronds and 
sedge leaves over winter and spring, but contributed 5% or more of all spores collected 
at six to eight sampling times on these litter types in summer and autumn. A similar 
summer/autumn predominance was shown for T. chaetocladium on Acacia bark and 
sedge leaves; F. penicillioides on Acacia and sedge leaves; and Species 20 on bark of E. 
viminalis (Table 4.5). Other species are clearly more prominent over winter and spring: 
e.g. Cl. aquatica on Acacia phyllodes, A. acuminata on all litter types except fern 
fronds, sedge leaves and eucalypt twigs, Cu. aquatica on eucalypt twigs, and 
Flagellospora sp.41 on fern fronds (Table 4.5). 
4.3.2.4. Distinguishing litter types on basis of fungal species occuring on them. 
The patterns of occurrence of fungal species on the different litter types seemed to be 
sufficiently different to allow litter types to be recognized by their associated fungi. Two 
different analytical techniques were used to test this. 
Discriminant function analysis. - The first was discriminant function analysis, SAS 
1987; DISCRIM procedure, method=NPAR using the k-nearest-neighbour rule which 
does not require the distribution to be multivariate normal. Discriminant function analysis 
of Log(x+ 1) transformations of spore counts, for those species whose spores contributed 
more than 5% to total spore count on any litter type at any sampling time, were used to 
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predict the litter type from which they came. Overall, 87% of the litter types were 
correctly classified when using samples from all seasons, while 87.5% and 90.6% of litter 
types were correctly recognized for summer/autumn and winter/spring samples 
respectively (Table 4.6). Classification to correct litter type was most successful for fern 
fronds and Acacia phyllodes (100% summer/autumn and winter/spring) and lowest for 
Cyperus leaves (55.6% for summer/autumn and 75% in winter/spring) (Table 4.6). 
Hierarchical agglomerative cluster analysis - The second analytical technique used was 
a hierarchical agglomerative cluster analysis. Summer/autumn and winter/spring data 
were dealt with separately. For the summer/autumn cluster, a comparison matrix of 71 
litter samples by 47 fungal species was used, while in the winter/spring period the 
comparison matrix was 64 litter samples by 47 fungal species. In each case a log(x+ 1) 
transformation of spore counts was performed to reduce the influence of high counts. 
The Bray & Curtis measure of similarity was selected as one which has been shown to 
provide an optimal estimate of "ecological distance" (Faith et al. 1987). Species which 
were considered to be rare also had low counts, so using the Bray & Curtis measure also 
reduced the contribution which rare species made to the classification. Clustering was 
achieved by using the flexible UPGMA procedure of PA TN (Belbin 1988) with a beta 
value of -0.1. 
Figure 4.4 shows two dendograms representing the upper levels of agglomerative 
clustering of summer/autumn and winter/spring samples of litter, classified in terms of 
the degree of dissimilarity of fungal communities found on them. Eleven subgroups of 
litter samples are shown for summer/autumn and twelve subgroups of litter samples for 
winter/spring. It is evident by comparisons of these subgroups with the actual source of 
litter samples tabulated below them, that the procedure has been reasonably successful at 
grouping similar litter samples close to each other. For example in the summer/autumn 
set, samples of A. melanoxylon bark, E. viminalis twigs, B. nudum fronds are each 
contained within just two subgroups, with most samples clustered in one of these. In the 
winter/spring set, B. nudum fronds, Cyperus leaves and A. melanoxylon phyllodes are 
confined to two subgroups each. 
Three major groupings are evident in both summer/autumn and winter/ spring 
classifications at the highest level. In both seasons, one of the three higher level groups 
(The group on the left representing: Summer/ Autumn subgroup A; Winter/Spring 
subgroups L MN 0) contains only samples of A. melanoxylon bark and E. viminalis 
twigs. In each season, another of the groups (The group on the right representing: 
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Summer/Autumn subgroups HI J K; Winter/Spring subgroups UV W) contains mainly 
samples of E. viminalis leaves, A. melanoxylon phyllodes and P. aspera leaves. In both 
seasons, the remaining higher level group (The group in the centre representing: 
Summer/Autumn subgroups BCD EFG; Winter/Spring subgroups P QR ST) 
contains nearly all of the samples of B. nudum fronds, Cyperus sp. leaves and 
E.viminalis bark. The only major difference is that in Summer/Autumn, this group also 
includes a lot of E. viminalis twig and A. melanoxylon phyllode samples. 
Table 4.4. Aquatic hyphomycetes recorded from eight different 
naturally occurring litter types taken from Lees Creek 
and incubated in aerated water to induce spore release. 
a) Identified to species 
Alatospora acuminata sensu lato 
Alatospora pulchella 
Marvanova 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora furtiva ? 
Descals ined. 
Anguillospora longissima 
Ingold 
Articulospora tetracladia 
Ingold 
Campylospora chaetocladia 
Ranzoni 
Clavariopsis aquatica 
de Wildeman 
C lavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova 
& Descals 
Culicidiospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
Dimorphospora foliicola 
Tubaki 
Flagellospora penicillioides 
Ingold 
b) Tentatively identified to genera 
Heliscina campanulata 
Marvanova 
Heliscus lugdunensis 
Sacc & Therry 
Lemonniera aquatica 
de Wildeman 
Lunulospora curvula 
Ingold 
Lunulospora cymbiformis 
Miura 
N aiadella fluitans 
Marvanova & Bandoni ? sp.61 
Tetracladium setigerium 
(Grove) Ingold 
Tetrachaetum elegans 
de Wildeman 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium splendens 
Ingold 
Tricladium terrestre 
Park 
Triscelophorus acuminatus 
Nawawi 
Tripospermum myrti 
(Lind.) Hughes 
Arborispora sp? sp.26 
Flagellospora sp.33 
Fusarium spp. sp.12 
Flagellospora sp.41 
Mycocentrospora ? sp.49 
Tetracladium? sp.55 
c} Aimarently undescribed s12ecies 
unknown sp.8 unknown sp.32 unknown sp.47 unknown sp.65 
unknown sp.18 unknown sp.38 unknown sp.50 unknown sp.68 
unknown sp.20 unknown sp.40 unknown sp.51 
unknown sp.25 unknown sp.45 unknown sp.60 
Spores of all species are illustrated in Appendix I 
Table 4.5 Fungal species on different litter types recorded as the number of times each species was 
recorded as present in separate samples (T, max. = 17) and the times it was present as ~S'il> 
of all spores counted during summer/autumn (sa, max. = 9) and winter/spring (ws, max. =II) 
Fungal Litter type 
Species 
Acacia Acacia Eucalypt Eucalypt Fem Sedge Pomade"is Eucalypt All 
bark phyllodes bark leaves fronds leaves leaves twigs substrates 
T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws T Sa/WS T sa/ws T sa/ws T sa/ws 
A pulchella 0 0 0 1 0 0 0 0 1 (0/0) 
A. acuminata 16 (5/8) 17 (418) 17 (518) 15 (0/4) 17 (9/8) 17 (9/8) 17 (2/8) 16 (8/7) 132 (42/59) 
A crassa 12 (1/2) 7 11 8 8 12 6 9 73 (1/2) 
A fi/iformis 0 1 1 1 0 2 0 0 5 (0/0) 
A furtiva ? 0 0 0 0 0 2 (0/1) 0 0 2 (0/1) 
A longissima 1 0 0 0 0 0 0 0 I (0/0) 
A tetrac/adia 5 I 8 9 10 7 13 9 62 (0/0) 
C. chaetocladia 2 0 0 0 1 0 0 2 (1/0) 5 (!/()) 
Cl. {U/uatica 10 17 (0/5) 14 (0/1) 10 14 17 (8/6) 15 (0/2) 15 (1/2) 102 (9/161 
C. longibrachiata 10 9 13 5 3 4 17 (0/2) 8 69 (0/2) 
Cu. {U/uatica 9 16 15 11 6 8 8 16 (0/4) 79 (0/4) 
C. {U/uaticum 1 9 1 5 1 3 1 2 23 (0/()) 
D. foliicola 0 1 1 2 (0/1) 0 0 0 6 (0/3) 10 (0/4) 
F. penicillioides 12 (3/2) 17 (3/0) 13 13 9 (1/0) 12 (3/0) 11 (0/1) 14 (6/4) 91 (19/7) 
Flagellospora sp.33 9 14 (1/0) 15 (1/1) 12 (0/2) 12 14 15 (0/1) 13 104 (2/4) 
Flagellospora sp.41 10 10 16 (1/0) 11 12 (0/4) 9 11 (0/1) 13 (2/0) 92 (3/5) 
Fusarium sp.12 13 (3/1) 1 0 1 3 1 3 12 (1/2) 34 (4/3) 
H. /ugdunensis 7 (1/0) 1 1 0 0 0 3 9 21 (1/0) 
H. campanulata 4 0 3 0 0 0 0 3 JO (0/0) 
L. {U/uatica I 0 0 2 12 (1/0) 8 8 1 32 (1/0) 
L. curvula 4 12 9 16 3 11 12 9 76 (0/0) 
L. cymbiformis 15 (6/2) 17 (9/6) 16 (6/5) 17 (9/8) 14 (6/()) 17 (8/1) 17 (9/7) 17 (9/3) 130(62/32) 
Mycocentrospora ? sp.49 0 0 2 0 0 0 0 0 2 (0/0) 
N. fluitans ? sp.61 2 0 0 0 6 0 0 1 9 (0/0) 
T. elegans 9 17 11 17 (4/4) 14 14 17 (5/4) 13 112 (9/8) 
T. setigerium 0 0 0 0 2 0 1 0 3 (0/0) 
Tetracladium ? sp.55 0 0 0 0 0 3 0 0 3 (0/()) 
T. chaetocladium 15 (5/1) 17 (8/8) 17 (6/4) 17 (3/6) 16 17 (8/4) 16 (4/3) 16 (4/4) 131 (38/30) 
T. giganteilm 0 0 0 0 0 6 1 0 7 (0/()) 
T. splendens 4 0 5 3 0 10 (!/()) 1 4 27 (1/()) 
T. terrestre 1 0 0 0 0 0 0 0 1 (0/0) 
T. myrti 0 0 0 0 1 1 3 0 4 (0/()) 
T. acuminatus 0 1 3 0 1 1 0 1 7 (0/()) 
unknown sp.8 I 14 (112) 2 2 2 1 1 5 28 (1/2) 
unknown sp,18 11 3 9 (1/()) 4 4 1 5 (1/0) 11 (1/0) 48 (3/()) 
unknown sp.20 10 1 16 (5/0) 2 8 13 (1/1) 7 (1/()) 13 (1/2) 70 (8/2) 
unknown sp.25 4 0 2 0 0 4 2 9 (1/1) 21 (1/1) 
unknown sp.26· 11 (1/1) 3 6 I 2 4 I 6 34 (1/1) 
unknown sp.32 12 (I/I) 1 2 0 2 1 1 9 28 (1/1) 
unknown sp.38 1 6 1 8 (0/1) 0 4 7 (2/0) 0 27 (2/1) 
unknown sp.40 13 (1/1) 2 1 1 3 5 4 9 38 (1/1) 
unknown sp.45 0 4 0 0 0 0 0 0 4 (0/0) 
unknown sp.47 14 (6/3) 5 6 5 4 1 6 17 (1/2) 58 (7/5) 
unknown sp.50 10 (011) 17 (2/0) 17 (5/4) 9 11 (1/0) 14 11 14 (2/0) 103 (10/5) 
unknown sp.51 0 0 0 0 0 0 0 1 1 (0/()) 
unknown sp.60 6 0 0 0 0 1 0 2 9 (0/0) 
unknown sp.68 0 0 0 0 0 0 1 0 1 (0/0) 
No. Species 33 (11/11) 29 (8/5) 31 (8/6) 28 (3/7) 29 (5/2) 34 (7/6) 32 (719) 34 (12/11) 
Figure 4.3 Mean proportional occurrence of the dominant species of aquatic 
hyphomycetes detected on eight different litter types by the aeration 
technique. 
a). Combined data from two samplings periods. 
b). Data for the period Dec. 1989 to Apr. 1990 
c). Data for the period Jul. 1990 to Nov. 1990 
Key to litter types 
0 = Pomaderris aspera 
EL = Eucalyptus viminalis leaves 
AL= Acacia melanoxylon phyllodes 
EB = Eucalyptus viminalis bark 
AB = Acacia melanoxylon bark 
T = Eucalyptus viminalis twigs 
F = Blechnum nudum (fern) fronds 
S = Cyperus sp. (sedge) leaves 
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Table 4.6. Percent of litter samples correctly recognized by 
discriminant analysis, on the basis of patterns of aquatic 
hyphomycete species present. 
Litter sample Percentage of samples correctly 
identified to litter type 
Total Summer/ Autumn Winter/Spring 
Acacia melanoxylon bark 93.75 100.00 87.5 
Acacia melanoxylon phyllodes 100.00 100.00 100.0 
Blechnum nudum fronds 100.00 100.00 100.0 
Cyperus sp. leaves 70.59 55.69 75.0 
Eucalyptus viminalis bark 88.24 88.89 100.0 
Eucalyptus viminalis leaves 88.24 88.89 87.5 
Eucalyptus viminalis twigs 64.71 77.78 87.5 
Pomaderris asper leaves 94.12 88.89 87.5 
Overall means 87.45 87.50 90.63 
Figure 4.4 Dendograms showing agglomerative classification of individual litter samples 
interms of the fungi associated with them 
Summer/Autumn Winier/Spring 
1.0 
Left 
0.8 Centre Right 
Left 
Dissimilarity Centre 
0.6 
0.4 
0.2 
A. melonoxylon bark 7 3 2 1 
E. viminolis twigs 2 1 1 5 
8. nudum fronds 8 
Cyperus sp. leaves 3 4 2 
E. viminolis bark 6 2 
E. viminolis leaves 4 5 
A. melanoxylon phyllodes 2 
P. ospero leaves 2 4 2 
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Subgroups and membership 
Only the top of the resulting hierarchy is shown, representing eleven or twelve 
subgroups into which the 64 individual samples fell. The origins of the litter 
samples falling within each of these subgroups is tabulated underneath the 
dendogram. The three topmost groupings in each dendogram are identified 
as Left, Centre or Right for cross reference to the text 
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4.4. AQUATIC HYPHOMYCETES FROM PHYLLODES OF A. melanoxylon 
AND LEAVES OF E. viminalis PLACED INTO LEES CREEK IN TWO 
DIFFERENT SEASONS 
A problem with naturally entrained stream litter is that one cannot know how long the 
different leaves etc. have been in the stream. By artificially inserting dead leaves, it is 
possible to learn how populations of fungi develop over time. 
4.4.1 Materials and Methods 
4.4.1.1. Setting up the experiment. 
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This study formed part of the same experiment as the litter decay studies described in 
CHAPTER 3. Leaves of E. viminalis and mature phyllodes of A. melanoxylon were 
collected, dried at 40°C and packaged in 7mm by 7mm mesh and 0.5mm by 0.5mm 
mesh bags as described in Section 3.3.1.2, then attached to metal frames and placed into 
Lees Creek at Site 1. Sets of bags containing the leaf or phyllode litter were placed into 
Lees Creek on two occasions; August 1988 for a Winter/Spring study; and February 
1989 for a Summer/Autumn study. In the winter/spring study the litter bags were 
collected from Lees Creek on the following number of days since initial immersion: 2, 7, 
15, 24, 37, 51, 70. In the summer/autumn study the litter bags were collected from Lees 
Creek on the following number of days since initial immersion: 2, 8, 15, 22, 29, 41, 57, 
82, 116. Upon collection all bags were transported back to the laboratory in individual 
polythene bags. 
4.4.1.2. Assessing the aquatic hyphomycetes present 
Upon return to the laboratory, one disk of 6mm diameter was cut from each of several 
randomly selected phyllodes or leaves from each mesh bag, using an alcohol-dipped, 
flame-sterilized cork hole borer. This process was repeated at each sampling time, until 
stream-based decay processes reduced the material in the mesh bags to the point where 
insufficient remained to be worth sampling for fungi. Sets of 20 disks were removed 
from both phyllodes and leaves for each of the mesh bag treatments. For bags placed into 
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the stream in August, five disks were removed from each of the four bags recovered 
each sampling time. In February seven disks were removed from two bags and six disks 
from the third bag recovered at each sampling time. Each disk was incubated by the 
static incubation method and examined for spores as outlined in Sections 4.2.1.2. and 
4.2.1.3. 
4.4.2 Results 
4.4.2.1 Small mesh bags 
Because of substantial accumulation of fine sediment in the fine mesh bags, the litter in 
them was subjected to anaerobic conditions, so examination of the fungal community 
was therefore not pursued past the first few sampling times when it became clear that 
fungal colonization was severely restricted, and data from fine mesh bags will not be 
considered any further. All the following relates to material incubated in the coarse mesh 
bags. 
4.4.2.2 Overall number of species 
Number of species. - Species detected from E. viminalis leaves and A. melanoxylon 
phyllodes inserted into Lees Creek are listed in Table 4.7. A total of 27 fungal species 
were detected; 18 were identified with species described in the literature, a further two 
species were tentatively placed into genera; which left seven having unknown affinities 
(Table 4.7). It is likely that some species may have been overlooked because of the 
difficulty in assigning filif orm conidia to species on the basis of conidial morphology 
alone. 
Seasonal differences in the time of initial sporulation. - For both types of litter, 
sporulation of aquatic hyphomycetes was detected earlier in the summer/autumn 
(February) experiment, where they appeared from leaf disks taken after only eight days 
in the stream; than in the winter/spring (August) experiment where the first sporulation 
was not detected until the leaves had spent 15 days in the stream (Figure 4.5). 
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Plant differences on the general pattern of fungal establishment. - In both 
summer/autumn and winter/spring periods, after 20 days, species of sporulating aquatic 
hyphomycetes were more prevalent on A. melanoxylon phyllodes (with an overall mean 
of 4 species per disk per bag), than on E.viminalis leaves (2 species per disk per bag) 
(Figure 4.5). 
On leaves of E. viminalis, in both summer/autumn and winter/spring, the maximum mean 
number of fungal species per disk per bag (Figure 4.5) was reached between 50 and 60 
days after immersion in the stream. In both seasons these were recorded from leaf 
samples in an advanced state of decay, so that on the next sampling attempt there was 
insufficient material remaining in the bags to permit further assessment. On phyllodes of 
A. melanoxylon, the maxima were reached at the same or slightly earlier time (Figure 
4.5), but the phyllodes were only partially decayed and survived to allow one or more 
further assessments. Overall, slightly more species were recorded on phyllodes of A. 
melanoxylon than on leaves of E. viminalis for both summer/autumn and winter/spring. 
Thus in summer/autumn the ratio was 23:20, and in winter/spring it was 21:17. 
In summer/autumn the mean number of species on A. melanoxylon began to decline after 
41 days in the stream and continued to decline until the time when insufficient material 
remained to be sampled (after 116 days). By 57 days the maximum mean number of 
species per disk per bag was higher on leaves of E. viminalis than on phyllodes of A. 
melanoxylon (Figure 4.5). 
4.4.2.3. Occurrence of individual species 
Seasonal differences - Substantial differences existed between the summer/autumn and 
winter/spring results in the occurrence of some species, although these differences were 
often dependent upon whether the litter was leaf or phyllode material (Table 4.8). The 
following species were more frequent in winter/spring than in summer/autumn (based on 
frequency of occurrence relative to the number of disks examined): A. acuminata; Cl. 
aquatica and unknown sp.50 (Table 4.8). On both leaves and phyllodes in 
summer/autumn the following species were clearly more frequent than in winter/spring: 
L. curvula, F. penicillioides and unknown species 47; and the following species were 
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also more prevalent on just E.viminalis leaves: Flagellospora sp.33, L. cymbiformis, T. 
elegans, and T. chaetocladium. Comparisons between seasonal patterns of occurrence 
for individual fungal species over the two sampling periods are difficult for leaves of E. 
viminalis because, as noted above, during the winter/spring period leaves had not been 
colonized for long before they decomposed entirely (compare Figures 3.4 & 3.5 with 
Figure 4.5). 
P Zant differences - Of the eight fungal species selected for the winter/spring comparison, 
the following were more frequent on disks of A. melanoxylon than on disks from 
E.viminalis during 24 to 51 days in the stream; Cl. aquatica, L. cymbiformis, T. elegans, 
T. chaetocladium and unknown sp.50. The following species, A. acuminata, Cu. 
aquatica and Flagellospora sp.33, occurred at a similar frequency on both leaves and 
phyllodes. 
Of the ten species selected for the summer/autumn comparison the following were more 
frequent on disks of A. melanoxylon than on disks of E.viminalis during 15 to 57 days 
in the stream: L. cymbiformis and T. chaetocladium. The remaining species, A. 
acuminata, Cl. aquatica, Cu. aquatica, F. penicillioides, Flagellospora sp.33, L. 
curvula, T. elegans, and unknowns sp.20 and sp.50, occurred at a similar frequency on 
both litter types. 
Successional patterns - The slower decomposition of leaves and phyllodes in 
summer/autumn than in winter/spring (section 3.3.) enabled successional patterns to be 
observed in the occurrence of aquatic hyphomycetes on phyllodes of A. melanoxylon 
and to lesser extent on leaves of E. viminalis (Figure 4.6). Three patterns can be 
recognized. The first is where the fungus appeared soon and increased rapidly in 
abundance to reach peak frequency of occurrence in the early stages of the 
decomposition phase: i.e. T. elegans and L. cymbiformis. The second pattern is where 
species appeared later or increased more slowly to peak frequency of occurrence in the 
middle stage of the decomposition phase: i.e. F. penicillioides and Flagellospora sp.33. 
The third pattern is where species appeared later and also took longer to increase, so 
that they only reached peak frequency of occurrence in the late stage of the 
decomposition phase: i.e. Cl. aquatica and A. acuminata (Figure 4.6). 
Table 4.7. Aquatic hyphomycetes recorded from Lees Creek on disks 
cut from phyllodes of Acacia melanoxylon and leaves of 
Eucalyptus viminalis placed into the stream. 
a) Identified to species 
Alatospora acuminata sensu lato 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora longissima 
Ingold 
Articulospora tetracladia 
Ingold 
Clavariopsis aquatica 
de Wildeman 
C lavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova 
& Descals 
Culicidospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
b) Tentatively identified to genera 
Flagellospora sp.33 
c) Apparently undescribed species 
unknown sp.8 unknown sp.32 
unknown sp.18 unknown sp.45 
unknown sp.20 
Dimorphospora foliicola 
Tubaki 
Flagellospora penicillioides 
Ingold 
Heliscus lugdunensis 
Sacc & Therry 
Lunulospora curvula 
Ingold 
Lunulospora cymbiformis 
Miura 
Tetrachaetum elegans 
de Wildeman 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium splendens 
Ingold 
Flagellospora sp.41 
unknown sp.47 
unknown sp.50 
Spores of all species are illustrated in Appendix I 
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Figure 4.5 Mean number of species, per disk per litter bag, on A. melanoxylon phyllodes and E. viminalis 
leaves placed into Lees Creek in August 1988 (winter) and February 1989 (summer) 
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Table 4.8. Occurrence of different hyphomycete species on disks cut from A. melanoxylon phyllodes and E. viminalis leaves inserted 
into Lees Creek and exposed to colomzation over a period 70 days in winter/spring and 120 days in summer/autumn 
Fungal species Number of disks in which fungus occurred Percent disks on which fungus occurred 
Winter/Spring 1988 Summer/Autumn 1989 
A. melanoxylon E. viminalis A. melanoxylon E. viminalis Totals Winter Summer A. mel. E. vim. 
A. acuminata 30 11 34 10 85 24.1 15.7 24.6 11.1 
A. crassa 2 I 0 0 3 1.8 0.0 0.8 0.5 
A. filif ormis I 0 2 1 4 0.6 1.1 1.2 0.5 
A. longissima 0 1 0 0 2 0.6 0.0 0.4 0.5 
A. tetracladia 6 1 0 4 11 4.1 1.4 2.3 2.6 
Cl. aquatica 52 24 35 19 130 44.7 19.3 33.5 22.6 
C. longibrachiata I I 4 10 16 1.2 5.0 1.9 5.8 
Cu. aquatica 7 8 4 14 33 8.8 6.4 4.2 11.6 
C. a_quaticum 11 4 9 4 28 8.8 4.6 7.7 4.2 
D. foliicola 0 0 5 0 5 0.0 1.8 1.9 0.0 
F. penicillioides 1 0 29 40 70 0.6 24.6 11.5 21.l 
Flagellospora sp.33 26 4 41 30 101 17.7 25.4 25.8 17.9 
Flafie/lospora sp.41 1 2 1 9 13 1.8 3.6 0.8 6.8 
H. ugdunensis 0 0 5 0 5 0.0 1.8 1.9 0.0 
L. curvula 5 2 27 18 52 4.1 16.1 12.3 10.5 
L. cymbif ormis 49 9 82 53 193 34.1 48.2 50.4 32.6 
T. elegans 50 11 77 84 222 35.8 57.5 48.9 50.0 
T. chaetocladium 63 12 95 48 218 44.1 51.1 60.8 31.6 
T. gi~anteum 1 1 0 0 2 1.8 0.0 0.4 0.0 
T. sp endens 0 0 1 0 1 0.0 0.4 0.4 0.0 
unknown sp.8 0 0 2 1 3 0.0 1.1 0.8 0.5 
unknown sp.18 3 11 4 13 31 8.2 6.1 2.7 12.6 
unknown sp.20 1 0 4 4 9 0.6 2.9 1.9 2.1 
unknown sp.32 1 0 1 2 4 0.6 1.1 0.8 1.1 
unknown sp.45 1 0 6 0 7 0.6 2.1 2.7 0.0 
unknown sp.4 7 0 0 10 16 26 0.0 9.3 3.9 8.4 
unknown sp.50 18 11 2 4 35 17.l 2.1 7.7 7.9 
No. Presences 331 113 476 384 1304 
No. Species 21 17 23 20 27 
No. Disks Examined 100 70 160 120 450 
Figure 4.6 Successional patterns based on occurrence of six aquatic hyphomycete species on 
phyllodes of A. melanoxylon and on leaves of E. viminalis placed in Lees Creek in 
February 1989 
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4.5. EFFECT OF CHEMICAL EXTRACTIVE PRETREATMENTS OF LEAVES 
AND PHYLLODES ON THE SUBSEQUENT OCCURRENCE OF 
AQUATIC HYPHOMYCETES. 
The pattern of fungal colonization was also followed on leaves and phyllodes which had 
been subjected to chemical extractive pre-treatments. 
4.5.1. Materials and Methods 
In the decay experiment outlined in Chapter 3 (Section 3.4.1.1.), some samples of E. 
viminalis leaves and A. melanoxylon phyllodes were extractively pretreated with one of 
the following: (i) ether; (ii) ether and ethanol; or (iii) ether, ethanol and hot water. 
Treated litter samples were placed in 7mm by 7mm mesh bags of 100 mm by 160 mm. 
Bags of treated A. melanoxylon phyllodes were inserted into Lees Creek in August 1988 
along with untreated samples, to coincide with the period when phyllodes make the 
greatest proportional contribution to litterfall into the stream. Bags of E. viminalis leaves 
were inserted into Lees Creek in February 1989 along with untreated samples, to 
coincide with the period when leaves of E. viminalis contribute most on a proportional 
basis to litterfall into the stream. Bags were recovered from the stream at intervals of one 
to three weeks. Leaf disks were then sampled and assessed for aquatic hyphomycetes by 
the static incubation method as outlined in Section 4.4.1. 
The data was mainly analysed graphically, by plotting the time course of occurrence of 
the various fungal species, and these plots were examined for differences in the pattern 
of colonization between treatments. In addition a balanced fixed model two way analysis 
of variance (litter pretreatment by time) was used to determine whether differences 
between treatments were significant. The small number of replicates used, limited the 
power of the statistical tests, and there was no point in attempting such refinements as 
testing for departures in the data from the normal distribution or testing for 
heterogeneity of variances. The major interest in the statistical testing was between the 
untreated and each of the pretreated levels. While it may have been possible to increase 
the power of the test (ANOV A) by pooling all the pretreated data, this would have 
unbalanced the design and prejudiced, the assumptions behind the tests. 
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4.5.2 Results 
4.5.2.1. A. melanoxylon phyllodes in winter/spring. 
Number of species - The presence of sporulating aquatic hyphomycetes, first occurred 
after 15 days in the stream on both treated and control phyllodes (Table 4.9). The 
greatest number of species overall (23; Table 4.10) and the greatest number at any one 
sampling time (20; Table 4.9) were recorded on the most vigorously extracted (ether-
ethanol-hot water treatment) phyllodes. On the phyllodes chemically pretreated with 
ether alone, the highest number of species per sampling time (15) occurred after 24 days 
immersion, declining thereafter (Table 4.9). On the untreated phyllodes, and phyllodes 
chemically pretreated with ether-ethanol or ether- ethanol-hot water, the total number of 
species at each sampling time reached a maximum at 51 days and had declined by four to 
six species at 70 days (Table 4.9). A statistical comparison of the mean number of 
species per disc per bag found significantly (p<0.0001) with more species on all the 
chemically pretreated phyllodes than on the untreated phyllodes. 
Overall occurrence of individual species - Considering the total number of occurrences 
of a species, the most frequently occurring species on A. melanoxylon phyllodes overall 
were T. chaetocladium (252 out of 400 disks examined) and Cl. aquatica (250 out of 
400 disks), followed by T. elegans (230 times) and L. cymbiformis (224 times) (Table 
4.10). Of these four species only the occurrence of Cl. aquatic a differed significantly 
(p=0.0021) between the treatments. Cl. aquatica was least frequent on untreated 
phyllodes and most frequent on phyllodes chemically pretreated with ether-ethanol-hot 
water (Table 4.10). Cl. aquatica established rapidly and then remained by far the most 
frequent species on ether-ethanol-hot water extracted phyllodes (Figure 4.7), The only 
other species whose occurrence on the different treatments was found to differ 
significantly (p=0.0009) among treatments, was A. acuminata. This fungus also occurred 
least on unextracted phyllodes and became increasingly abundant as the intensity of 
extractive leaching procedure increased (Table 4.10). Extraction procedure also 
appeared enhance to occurrence of Cu. aquatica, Flagellospora sp.41, unknowns sp.18 
and sp.50 (Table 4.10). 
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Pattern of occurrence over time - Figure 4.7 shows the changing occurrence of the eight 
most common fungal species on A. melanoxylon phyllodes over time based on frequency 
of occurrence. Inspection of these figures shows that the most common effect of 
chemical pre-treatments was to speed up the process of establishment by the fungi. 
Three criteria can be used: time to first detection, time to peak occurrence, time to 
commencement of decline in occurrence. 
In terms of the time to first detection of a species, there were thirteen instances out of 
twenty four where this was shorter for treated than control phyllodes, involving 
particularly Cl. aquatica, unknown sp.50, Flagellospora sp.33 and A. acuminata. By 
contrast there was only one instance where the reverse occurred: T. chaetocladium was 
detected sooner on untreated control phyllodes than those pre-treated with ether-
ethanol. 
In terms of the time taken to reach the highest recorded incidence on disks, there were 
fourteen instances out of twenty four where fungi peaked sooner on chemically pre-
treated phyllodes than on controls. This involved all fungi except T. elegans and T. 
chaetocladium. There was no instance where a fungus peaked sooner on untreated 
control phyllodes. 
In terms of time to decline from peak occurrence, there were eleven instances where this 
occurred sooner on pre- treated phyllodes than on control phyllodes. This was most 
evident in unknown sp.50, L. cymbiformis and Cu. aquatica. There were just two cases 
where the occurrence on untreated controls fell away sooner than on treated phyllodes: 
T. chaetocladium on ether extracted phyllodes and Cl. aquatica on ether-ethanol-hot 
water extracted phyllodes. 
In general, the more rigorous extractive procedure had the greatest effect on patterns of 
occurrence. Most affected by extractive treatments were A. acuminata, Cl. aquatica and 
Cu. aquatica. Least affected by extractive treatments were T. chaetocladium and T. 
elegans. 
4.5.2.2. E. viminalis leaves in summer/autumn. 
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Number of species - Colonization, as detected by the presence of sporulating aquatic 
hyphomycetes, first occurred after 8 days in the stream on all the extractively treated 
eucalypt leaves (Table 4.11). The greatest number of species overall (22) occurred on 
leaves chemically pretreated with ether and with ether-ethanol (Table 4.12). The greatest 
number of species occurring at any one sampling time (19) were recorded on the 
untreated leaves and the leaves chemically pretreated with ether-ethanol after 57 days in 
the stream (Table 4.11). On the untreated leaves and most chemically pretreated leaves, 
the total number of species at each sampling time were at a maximum at the last 
sampling time (57 days), although the maximum number of species recorded from ether-
ethanol-hot water pretreated leaves was reached after 29 days (Table 4.11). A statistical 
comparison of the mean number of species per disc per bag found that the differences 
between treatments and control just escaped being significant (p<0.0736). 
Overall occurrence of individual species - The most frequently occurring species on E. 
viminalis leaves overall (extractive treatments and control) were T. elegans (306 out of 
480 disks examined) and L. cymbiformis (259 out of 480 disks), followed by T. 
chaetocladium (185 times) andFlagellospora sp.33 (181 times) (Table 4.12). Of these 
four species only the occurrence of T. elegans differed significantly (p=0.0021) between 
the treatments. T. elegans was least frequent on the most intensively chemically treated 
leaves (ether-ethanol-hot water treatment) and most frequent on untreated and ether-
ethanol treated leaves (Table 4.12). The only other species to be significantly (p=0.0116) 
more frequent on untreated leaves relative to ether-ethanol-hot water extracted leaves 
was F. penicillioides (Figure 4.8, Table 4.12). Reduction in the occurrence of a species 
by an extractive treatment relative to its occurrence on the control litter also appears to 
have occurred for unknown sp.47 (over all extractive treatments) and C. longibrachiata 
(on ether-ethanol extracted leaves) (Table 4.12). 
The overall treatment means of the proportional occurrence of the following species 
were significantly higher on one or more of the extractive treatments relative to the 
control as tested by two way analysis of variance: A. acuminata (p=0.0019); Cl. 
aquatica (p=0.0018); Flagellospora sp.33 (p=0.0009); and unknowns sp.20 (p=0.0001) 
and sp.50 (p=0.0001). Occurrence of L. curvula also appeared to be enhanced by one of 
the extraction prodedures (Table 4.12). 
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Pattern of occurrence over time - Figure 4.8 shows the changing occurrence of the eight 
most frequently detected species on E. viminalis leaves. As with the Acacia phyllodes in 
winter, chemical pre-treatments advanced fungal establishment on eucalypt leaves. 
Inspection of Figure 4.8 shows that there were nine instances out of twenty four where a 
fungus was detected sooner on a pre-treated sample than on the control; 18 instances 
where a fungus peaked sooner on pre-treated samples; and 17 instances where the 
fungus started to decline sooner in pretreated litter samples. There were no cases where 
fungal occurrence was more advanced in the control leaves compared to the pre-treated 
samples. 
The fungi which appeared most affected by chemical pre- treatment of leaves were: 
unknown sp.50, F. penicillioides and Flagellospora sp.33. The least affected were: 
unknown sp.20 and A. acuminata. 
Table 4.9 
No. of days 
immersed in 
stream 
7 
15 
24 
37 
51 
70 
Total number of species recorded from chemically extracted 
A. melanoxylon phyllodes immersed in Lees Creek 
during winter/spring 
Number of species from the following 
A. melanoxylon litter samples: 
untreated chemically extracted with; 
ether ether & ether, ethanol 
ethanol & hot water 
0 0 0 0 
3 4 2 4 
11 15 14 13 
15 13 14 15 
15 14 17 20 
11 13 13 14 
Table 4.10 Total number of species, total number of presences and number of times each 
species was present on untreated phyllodes of A. melanoxylon, and on phyllodes 
subjected to ether, ether & ethanol or ether & ethanol & hot water leaching 
treatments, immersed in Lees Creek during winter/spring. 
Fungal species Number of times each species occurred Total 
on the following litter samples No. of 
occurrences 
untreated chemically treated with; 
ether ether & ether & ethanol 
ethanol & hot water 
A. ac uminata 30 42 49 52 173 
A. crassa 2 0 0 1 3 
A. filiformis 1 1 2 0 4 
A. tetracladia 6 4 10 6 26 
Cl. aquatic a 52 60 60 78 250 
C. longibrachiata 1 0 2 1 4 
Cu. aquatica 7 19 20 17 63 
C. aquaticum 11 10 8 14 43 
D. foliicola 0 0 0 0 0 
F. penicillioides 1 1 2 2 6 
Flagellospora sp.33 26 34 35 34 129 
Flagellospora sp.41 1 3 11 6 21 
H. lugdunensis 0 1 0 2 3 
L. curvula 5 13 17 9 44 
L. cymbif ormis 49 61 59 55 224 
T. elegans 50 60 56 64 230 
T. chaetocladium 63 66 62 61 252 
T. giganteum 1 0 0 2 3 
T. splendens 0 1 1 2 4 
unknown sp.8 0 1 2 1 4 
unknown sp.18 3 14 7 5 29 
unknown sp.20 1 3 0 6 10 
unknown sp.32 1 0 0 0 1 
unknown sp.45 1 0 0 0 1 
unknown sp.47 0 0 1 1 2 
unknown sp.50 18 21 28 17 84 
No. presences 331 415 433 438 1657 
No. disks examined 100 100 100 100 400 
No. species 21 20 20 23 27 
Figure 4.7 Effect of chemical extractive pre-treatments on patterns of colonization of individual fungal species on A. melanoxylon phyllodes placed into Lees Creek in August 1988 
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Table 4.11 Total number of species recorded from chemically extracted 
E. viminalis leaves immersed in Lees Creek during 
summer/autumn 
No. of days Number of species from the following 
immersed in E. viminalis litter samples: 
stream 
untreated chemically extracted with; 
ether ether & ether, ethanol 
ethanol & hot water 
8 2 6 1 6 
15 6 7 11 12 
22 11 11 13 12 
29 12 12 14 15 
41 15 15 16 14 
57 19 17 19 15 
Table 4.12 Total number of species, total number of presences and number of times each 
species was present on untreated leaves of E.viminalis, and leaves subjected 
to ether, ether & ethanol or ether & ethanol & hot water extractive 
treatments, placed into Lees Creek during summer/autumn. 
Fungal species Number of times each species occurred Total 
on the following litter samples No. of 
occurrences 
untreated chemically extracted with; 
ether ether & ether & ethanol 
ethanol & hot water 
A. acuminata 10 16 17 28 71 
A. crassa 0 1 0 1 2 
A. filiformis 1 0 2 1 4 
A. tetracladia 4 2 6 1 13 
Cl. aquatic a 19 33 42 49 143 
C. longibrachiata 10 7 3 14 34 
Cu. aquatica 14 9 6 20 49 
C. aquaticum 4 3 3 0 10 
D. foliicola 0 1 2 0 3 
F. penicillioides 40 40 33 18 131 
Flagellospora sp.33 30 47 58 46 181 
Flagellospora sp.41 9 5 12 11 37 
H. lugdunensis 0 0 0 0 0 
L. curvula 18 18 33 26 95 
L. cymbif ormis 53 63 76 67 259 
T. elegans 84 80 84 58 306 
T. chaetocladium 48 51 49 37 185 
T: splendens 0 0 0 0 0 
T. giganteum 0 0 0 0 0 
unknown sp.8 1 2 2 1 6 
unknown sp.18 13 13 10 7 43 
unknown sp.20 4 19 16 27 66 
unknown sp.32 2 2 1 0 5 
unknown sp.45 0 1 1 0 2 
unknown sp.4 7 16 3 3 3 25 
unknown sp.50 4 31 41 46 122 
No. Presences 384 447 500 461 1792 
No. Disks Examined 120 120 120 120 480 
No. Species 20 22 22 19 25 
Figure 4.8 Effect of chemical extractive pre-treatments on patterns of colonization of individual fungal species on E. viminalis leaves placed into Lees Creek in February 1989 
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Figure 4.8 continued 
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4.6 AQUATIC HYPHOMYCETES FROM BARK AND TWIGS OF E. viminalis 
PLACED INTO LEES CREEK. 
Development of aquatic hyphomycete populations were also studied on samples of bark 
and twigs placed into the stream. 
4.6.1. Materials and Methods. 
4.6.1.1. Collection and containment of bark and twig materials 
Dry, recently detached, branches of E. viminalis were collected from the ground. Twigs 
140 mm long and seven to ten millimetres diameter, with bark still firmly attached, were 
cut from branch ends, and eight to ten of these placed into mesh bags. Dry loose bark 
was removed from the trunk of one tree and dried at 40°C for seven days. Strips of bark 
100 to 140 mm long and from 2 to 3 mm thick were placed into other mesh bags to a 
weight of 20 grams. The bags were of seven by seven millimetre mesh, 160 mm long and 
100 mm across. Bags were attached to metal frames and placed into Lees Creek at Site 1 
on 27 December 1989. 
4.6.1.2 Assessing the fungal community 
Periodically, four randomly selected bags of bark were collected from Lees Creek on the 
following dates: 2 Jan. 1990; 17 Jan. 1990; 26 Feb. 1990; 7 May. 1990; 13 Jul 1990; 14 
Sep. 1990; 12 Nov. 1990 and 15 Jan. 1991. Except on 2 Jan. 1990, four randomly 
selected bags of twigs were removed from Lees Creek at the same time as the bark 
samples. Upon return to the laboratory the material in the bags was washed in several 
changes of tap water to remove alien material and loose spores. Then each bag 
containing bark or twigs was placed individually into separate glass jars and forcibly 
washed again under jets of tap water to remove further loose spores. Each jar was then 
filled with 500 ml of water and placed in an incubator at 10oc. Each jar was aerated by 
pumping air through porous aquarium blocks, using a ten minute on/off cycle and a 
manifold with equal length tubing to equalize airflow through each jar. After two days of 
incubation, 100-150 ml of water was filtered immediately from each jar using the 
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membrane filtration technique (Iqbal and Webster 1973) as outlined in Section 4.3.1. 
Species abundance on bark and twig samples was assessed at each sampling time by two 
alternative approaches: firstly by scoring species as present or absent; and secondly by 
determining the proportional contribution each species made to the total number of 
spores counted on the filter. 
4.6.1.3 Analysis 
Sorensen's similarity coefficient was used to assess the degree of similarity between 
species composition of bark and twig fungal communities and between sequential 
samples of bark of each substrate. This similarity coefficient places more emphasis on 
species common to two samples rather than on species that differ from one sample to the 
other (Krebs 1989). 
4.6.2 Results 
4.6.2.1 Species richness and composition of the aquatic hyphomycete communities 
Conidia from a total of thirty six different species of aquatic hyphomycetes were 
recorded during this the study. Conidia from twenty two species corresponding to 
published descriptions were recognized; a further six species were tentatively assigned to 
genera; and conidia of eight undescribed species were also recorded (Table 4.13). Thirty 
one of these species occurred on bark (Table 4.14) and thirty four species on the twigs 
(Table 4.15). The maximum number of species found on either litter material was twenty 
five; this occurred after twelve months immersion in the stream (Tables 4.14 & 4.15). In 
terms of species present, the composition of the fungal communities of bark and twigs 
were most alike in May and least alike in November (Tables 4.14 & 4.15). The 
composition of the fungal communities between sequential samples remained similar 
from February to September for both bark and twig samples, but by November the 
Sorensen index was reduced by 0.17 for bark and by 0.19 for twigs (Table 4.16), 
indicating that fungal species composition on sequential samples of twigs and bark 
differed most between September and November. Sampling of the litter ceased after 15-
Jan-1991 because insufficient bark remained in the bags for fungal populations to be 
reliably assessed. The twigs were not sampled further, since by late March 1991 the 
water level in Lees Creek had dropped following low rainfall over the preceeding five 
months, which left some twigs suspended above the stream surface. 
4.6.2.2 Changes in proportions of different spores output from bark 
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Sporulating aquatic hyphomycetes were first detected on bark after seven days 
immersion in Lees Creek (Table 4.14). Because only low numbers of spores were 
counted at this time, the early samples may not fully represent the fungi present as 
inadequate time had probably elapsed for all fungi to sporulate. The following results will 
deal with data collected from bark samples removed from Lees Creek on or after the 17 
January. 
Spores of Lunulospora cymbiformis were the most common, accounting for 27.7% to 
66.8% of all spores counted at any sampling time. Only in May did another fungus 
produce more spores than this species (unknown sp.20 with 33.4%, Table 4.14). From 
week three until the end of the study only five species had spore counts exceeding 10% 
of all spores collected. These were A. acuminata (five consecutive times), Flagellospora 
sp.33 (once), L. cymbiformis (on all occasions), unknown sp.20 (twice) and unknown 
sp. 50 (once) (Table 4.14). 
The pattern of occurrence of fungal species fell into four categories (Table 4.14). The 
first pattern was characterized by species which occurred at a relatively constant level 
throughout the entire breakdown process: e.g. Articulospora tetracladia, L. curvula, L. 
cymbiformis, Tetrachaetum elegans and Tricladium chaetocladium. The second pattern 
was characterized by species having a relative spore output which declined as the 
breakdown process advanced e.g. Flagellospora sp.41, and unknowns sp.20 and sp.50. 
The third pattern was of species showing a relative increase in spore production as the 
amount of bark declined e.g. Alatospora acuminata, Anguillospora crass a and 
Clavariopsis aquatica. The fourth pattern, as shown by Flagellospora sp.41, was where 
the highest relative spore count occurred at an intermediate stage of breakdown, 140 to 
269 days after immersion. A final group of species occurred infrequently or at such low 
levels that no trends could discerned e.g. Campylospora chaetocladia, Cylindrocarpon 
aquaticum, Heliscina campanulata, Triscelophorus acuminatus and T. splendens. 
77 
4.6.2.3 Changes in proportions of spores of different species output from twigs 
During the first nine months of immersion, spore output of aquatic hyphomycetes from 
twigs was, like bark, numerically dominated by spores of L. cymbiformis, which ranged 
from 44% to 78% of all spores counted (Table 4.15). In November, after eleven months, 
L. cymbiformis declined abruptly to 8.1 %, and the fungi with the most abundant spores 
then became A. crassa (22.8% ), F. penicillioides (21.1 % ) and unknown sp.20 (38.5% ). 
In the last sampling period F. penicillioides produced 64.8% of all spores counted 
(Table 4.15). From three weeks after immersion in the stream until the end of the study, 
only six species had spore counts exceeding 10% of all spores collected. These were F. 
penicillioides (six consecutive occasions), L. cymbiformis (five consecutive occasions), 
A. crassa, D.foliicola, Flagellospora sp.41, and unknown sp.20 (all on one occasion 
only) (Table 4.15) 
The patterns of occurrence of aquatic hyphomycete species on twigs, shared some 
similarities with those of the bark. The same four patterns identified above were evident, 
although the species involved often differed. In the first category only A. acuminata and 
unknown sp.47 had relative spore outputs which appeared constant over the period of 
study. Relative spore production of T. splendens and unknown sp.18 also appeared 
constant but counts were too low to be certain (Table 4.15). In the second category 
relative spore production of Flagellospora sp.41, L. cymbiformis and T. chaetocladium 
declined with increasing time since immersion. Another three species, Clavatospora1 
longibrachiata, unknown sp.38 and sp.50, each contributed >2% of the total spore 
production during the first three weeks of sampling and thereafter were only 
intermittently recorded at low levels (Table 4.15). In the third category only unknown 
sp.40 increased its relative spore output with increasing time since immersion. Another 
three species, A. crassa, unknown sp.20 and Dimorphospora foliicola, had a single peak 
in relative spore production after >300 days immersion. In the fourth category L. curvula 
was the only species to have a peak in relative spore production during the middle period 
(200 to 270 days since immersion) of the study (Table 4.15). 
Table 4.13. Aquatic hyphomycetes recorded from Lees Creek on 
twigs and bark of Eucalyptus viminalis placed into the 
stream and subsequently incubated in aerated water 
to induce spore release. 
a) Identified to species 
Alatospora acuminata sensu lato 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora longissima 
Ingold 
Articulospora tetracladia 
Ingold 
Clavariopsis aquatica 
de Wildeman 
C lavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova 
& Descals 
Culicidospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
Dimorphospora foliicola 
Tubaki 
Flagellospora penicillioides 
Ingold 
b) Tentatively identified to genera 
Arborispora sp? sp.26 
Flagellospora sp.33 
Flagellospora sp.41 
c) Apparently undescribed species 
unknown sp.8 unknown sp.32 
unknown sp.18 unknown sp.38 
unknown sp.25 unknown sp.40 
Heliscina campanulata 
Marvanova 
Heliscus lugdunensis 
Sacc & Therry 
Lemonniera aquatica 
de Wildeman 
Lunulospora curvula 
Ingold 
Lunulospora cymbiformis 
Miura 
N aiadella fluitans 
Marvanova & Bandoni? sp.61 
Tetrachaetum elegans 
de Wildeman 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium splendens 
Ingold 
Triscelophorus acuminatus 
Nawawi 
Fusarium spp. sp.12 
Mycocentrospora ? sp.49 
Tetracladium? sp.55 
unknown sp.50 
unknown sp.47 
Spores of all species are illustrated in Appendix I 
Table 4.14. Fungal species present on E. viminalis bark inserted into Lees Creek on 27 December 1989 . 
Fungal species Percentage of total spores counted at each of the following sampling times (Mean ± S.E. N=4) 
2 Jan 1990 17 Jan 1990 26 Feb 1990 7 May 1990 13 Jul 1990 14 Sep 1990 12 Nov 1990 15 Jan 1991 
A. acuminata 8.58 ± 2.63 0.56 ± 0.14 2.10 ± 0.55 22.07 ± 3.17 27.39 ± 7.11 25.52 ±13.92 26.55 ± 6.32 37.25 ± 3.22 
A. crassa 1.56 ± 1.05 0.00 ± 0.00 0.12 ± 0.05 0.21 ± 0.13 0.56 ± 0.35 0.27 ± 0.09 1.10 ± 0.64 8.58 ± 3.71 
A. filif ormis 0.07 ± 0.07 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
A. tetrac/adia 0.00 ± 0.00 O.Q3 ± 0.03 0.09 ± 0.06 0.00 ± 0.00 0.04 ± 0.04 0.06 ± 0.04 0.12 ± 0.12 0.12 ± 0.12 
C. chaetocladia 0.00 ± 0.00 0.00 ± 0.00 o.oo ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.06 ± 0.06 0.00 ± 0.00 0.00 ± 0.00 
Cl. aquatica 2.48 ± 2.48 0.02 ± 0.02 0.00 ± 0.00 0.21 ± 0.07 0.16 ± 0.06 0.33 ± 0.12 5.86 ± 3.85 2.34 ± 0.83 
C. longibrachiata 0.00 ± 0.00 4.44 ± 0.91 0.03 ± 0.03 0.00 ± 0.00. 0.21 ± 0.12 0.31 ± 0.12 2.58 ± 2.58 0.17 ± 0.11 
Cu. aquatica 1.38 ± 1.38 0.09 ± 0.04 0.30 ± 0.11 0.14 ± 0.06 0.08 ± 0.08 0.10 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 
C. aquaticum 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.09 ± 0.05 0.40 ± 0.40 
F. penicillioides 1.01 ± 0.64 0.33 ± 0.05 0.45 ± 0.31 0.04 ± 0.04 0.33 ± 0.17 0.23 ± 0.08 0.19 ± 0.13 2.15 ± 0.66 
Flagel/ospora sp.33 1.30 ± 0.56 0.16 ± 0.08 0.00 ± 0.00 0.28 ± 0.09 2.37 ± 2.24 0.62 ± 0.41 0.04 ± 0.04 1.25 ± 0.69 
Flagellospora sp.41 0.98 ± 0.52 0.10 ± 0.04 1.62 ± 0.43 10.83 ± 4.52 3.62 ± 1.10 4.12 ± 1.99 0.12 ± 0.12 0.26 ± 0.17 
Fusarium spp. 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.36 ± 0.17 0.26 ± 0.19 
H. campanulata 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.11 ± 0.07 0.00 ± 0.00 0.06 ± 0.04 0.00 ± 0.00 0.16 ± 0.16 
H. lugdunensis 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.09 ± 0.05 0.00 ± 0.00 
L. curvula 1.97 ± 0.81 0.46 ± 0.06 1.91 ± 0.37 0.38 ± 0.13 1.37 ± 0.70 0.65 ± 0.29 0.00 ± 0.00 0.08 ± 0.08 
L. cymbif ormis 42.68 ± 5.46 66.82 ± 5.02 57.49 ± 4.25 27.71±4.75 54.32 ±12.13 56.37 ±19.45 49.03 ±16.63 37.43 ± 4.46 
T. elegans 22.09 ± 7.01 0.31 ± 0.07 0.12 ± 0.01 0.21 ± 0.04 0.32 ± O.o7 2.54 ± 2.40 0.24 ± 0.08 0.20 ± 0.20 
T. chaetoc/adium 10.10 ± 3.74 0.64 ± 0.21 0.34 ± 0.03 0.58 ± 0.10 2.12 ± 0.69 0.66 ± 0.35 1.85 ± 0.67 1.58 ± 1.08 
T. splendens 0.00 ± 0.00 0.03 ± 0.02 0.05 ± 0.03 0.17 ± 0.04 0.12 ± 0.04 0.14 ± 0.05 0.00 ± 0.00 0.10 ± 0.06 
T. acuminatus 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 0.03 ±0.03 0.00 ± 0.00 0.00 ± 0.00 
unknown sp.8 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 3.91 ± 3.83 0.06 ± 0.06 
unknown sp.18 0.00 ± 0.00 O.DI ± 0.01 0.08 ± 0.03 0.10 ± 0.07 0.04 ± 0.04 0.00 ± 0.00 0.05 ± 0.05 0.18 ± 0.18 
unknown sp.20 0.00 ± 0.00 0.18 ± 0.04 31.09 ± 4.29 33.38 ± 3.48 4.86 ± 1.54 4.48 ± 3.98 1.57 ± 1.23 1.16 ± 0.69 
unknown sp.25 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.03 0.00 ± 0.00 0.06 ± 0.06 0.20 ± 0.20 
unknown sp.26 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.03 1.46 ± 0.51 0.43 ± 0.29 0.13 ± 0.00 0.05 ± 0.05 0.12 ± 0.12 
unknown sp.32 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.03 0.52 ± 0.24 0.48 ± 0.36 2.21 ± 1.39 2.20 ± 1.90 0.95 ± 0.43 
unknown sp.38 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.05 ± 0.05 0.00 ± 0.00. 
unknown sp.40 0.30 ± 0.22 0.00 ± 0.00 0.09 ± 0.03 0.33 ± 0.14 0.73 ± 0.39 0.40 ± 0.28 0.70 ± 0.42 3.69 ± 1.07 
unknown: sp.47 1.58 ± 0.57 0.02 ± 0.02 0.03 ± 0.03 0.18 ± 0.14 0.00 ± 0.00 0.66 ± 0.40 2.47 ± 2.08 I.20 ± 0.69 
unknown sp.50 3.92 ± 1.89 25.81 ± 5.17 4.03 ± 0.78 1.06 ± 0.26 0.42 ± 0.42 0.00 ± 0.00 0.00 ± 0.00 0.12 ± 0.12 
Mean no. of spores 191 ± 59 1522 ± 141 863 ± 56 725 ± 33 658 ± 61 748 ± 25 525 ± 48 406 ± 104 
counted 
Table 4.15. Fungal species present on E. viminalis twigs inserted into Lees Creek on 27 December 1989. 
Fungal species Percentage of total spores counted at each of the following sampling times (Mean ± S.E. N=4) 
17 Jan 1990 26 Feb 1990 7 May 1990 13 Jul 1990 14 Sep 1990 12 Nov 1990 15 Jan 1991 
A. acuminata 2.62 ± 0.75 2.15 ± 0.46 9.24 ± 0.94 5.74 ± 2.15 4.12 ± 1.02 2.59 ± 0.72 4.02 ± 1.61 
A. crassa 0.04 ± 0.04 0.09 ± 0.03 0.31 ± 0.21 1.67 ± 1.11 0.45 ± 0.28 22.80 ±21.46 1.33 ± 0.61 
A. fi/iformis 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.05 ± 0.05 
A. tetracladia 0.00 ± O.CXl 0.06 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± O.CXl 0.05 ± 0.05 
C. chaetocladia 0.05 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.36 ± 0.12 1.00 ± 0.72 
Cl. aquatica 0.03 ± O.Dl 0.09 ± 0.06 0.15 ± 0.06 0.11 ± 0.04 0.04 ± 0.04 0.71 ± 0.38 0.21 ± 0.02 
C. longibrachiata 2.49 ± 1.13 0.06 ± 0.04 0.06 ± 0.03 0.03 ± 0.03 0.00 ± 0.00 0.50 ± 0.38 0.13 ± 0.08 
Cu. aquatica 0.12 ± 0.04 1.19 ± 0.34 1.49 ± 0.25 0.14 ± 0.06 0.12 ± 0.12 0.00 ± 0.00 0.05 ± 0.05 
C. aquaticum 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 
D. fo/iicola 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.17 ± 0.17 1.11 ± 1.00 0.00 ± 0.00 10.86 ±10.86 
F. penicillioides 0.37 ± 0.14 10.63 ± 3.13 21.60 ± 3.60 18.63 ± 4.14 13.48 ± 1.47 21.09 ±12.58 64.78 ±10.87 
F/agellospora sp.33 0.68 ± 0.11 0.09 ± 0.06 0.24 ± 0.08 0.03 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 0.17 ± 0.08 
F/agel/ospora sp.41 0.22 ± 0.06 1.67 ± 0.86 12.30 ± 3.66 3.02 ± 1.74 0.65 ± 0.39 0.00 ± 0.00 0.28 ± 0.22 
Fusarium spp. 0.52 ± 0.30 0.03 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.27 ± 0.17 0.30 ± 0.14 
H. campanulata 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.03 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 0.04 ± 0.04 
L. curvula 0.29 ± 0.12 1.09 ± 0.08 1.24 ± 0.16 4.28 ± 1.70 4.28 ± 1.33 0.48 ± 0.48 0.98 ± 0.92 
L. cymbif ormis 76.78 ±11.41 78.07 ± 4.58 43.98 ± 5.54 61.53 ± 7.24 73.56 ± 2.95 8.09 ± 4.27 6.39 ± 3.29 
N. fluitans ? 0.00 ± 0.00 0.03 ± 0.03 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
T. elegans 0.72 ± 0.14 0.27 ± 0.11 0.20 ± 0.08 0.25 ± 0.16 0.13 ± 0.08 0.00 ± 0.00 0.00 ± 0.00 
T. acuminatus 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 
T. chaetocladium 4.55 ± 3.74 1.53 ± 0.83 3.22 ± 0.67 1.35 ± 0.34 0.76 ± 0.43 0.09 ± 0.09 0.27 ± 0.08 
T. giganteum 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 
T. splendens 0.03 ± 0.03 0.06 ± 0.03 0.06 ± 0.03 0.11 ± 0.07 0.04 ± 0.04 0.03 ± 0.03 0.09 ± 0.09 
T. terrestre 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.25 ± 0.14 0.03 ± 0.03 
unknown sp.8 0.27 ± 0.20 0.06 ± 0.03 0.05 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.05 ± 0.05 
unknown sp.18 O.Ql ± 0.01 0.03 ± 0.03 0.03 ± 0.03 0.21 ± 0.07 0.07 ± 0.04 0.06 ± 0.06 0.48 ± 0.29 
unknown sp.20 0.22 ± 0.03 1.08 ± 0.29 1.35 ± 0.94 0.89 ± 0.44 0.10 ± 0.04 38.48 ±20.03 1.77 ± 0.47 
unknown sp.25 0.05 ± 0.04 0.16 ± 0.06 0.08 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.36 ± 0.29 0.00 ± 0.00 
unknown sp.26 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 
unknown sp.32 0.00 ± 0.00 0.03 ± 0.03 2.44 ± 1.37 0.67 ± 0.27 0.53 ± 0.17 1.15 ± 1.06 0.00 ± 0.00 
unknown sp.38 2.47 ± 2.47 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.08 ± 0.08 0.00 ± 0.00 0.00 ± 0.00 
unknown sp.40 O.Ql ± 0.01 0.00 ± 0.00 0.61 ± 0.41 0.14 ± 0.06 0.16 ± 0.02 1.65 ± 1.57 5.80 ± 3.61 
unknown sp.4 7 0.53 ± 0.13 0.67 ± 0.45 0.35 ± 0.12 0.18 ± 0.11 0.24 ± 0.11 0.83 ± 0.44 0.84 ± 0.41 
unknown sp.50 6.90 ± 3.00 0.85 ± 0.35 0.98 ± 0.78 0.79 ± 0.43 0.03 ± 0.03 0.13 ± 0.05 0.03 ± 0.03 
Mean no. of spores 1600 ± 254 827 ± 33 900 ± 84 703 ± 11 763 ± 69 607 ± 85 593 ± 64 
counted 
Table 4.16 Number of hyphomycete species recorded from bark and twig 
samples and Sorensen similarity coefficients between bark and twigs 
and between sequential samples for both bark and twigs recovered 
from Lees Creek 
Date of Total no. of Sorensen similarity index comparisons; 
sample fungal species between bark between sequential samples 
recovery bark twigs and twigs bark and bark twigs and twigs 
02-Jan-90 15 
0.75 
17-Jan-90 17 23 0.80 
0.83 0.87 
26-Feb-90 19 23 0.81 
0.87 0.89 
07-May-90 21 22 0.88 
0.86 0.88 
13-Jul-90 21 21 0.86 
0.88 0.86 
14-Sep-90 22 21 0.79 
0.71 0.67 
12-Nov-90 23 21 0.68 
0.88 0.74 
15-Jan-91 25 25. 0.80 
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4.7. DISCUSSION 
In exploring fungus - litter relationships, several kinds of comparison were provided for 
in the observations and experiments described in this chapter. These were: 
(i) comparisons between fungal communities found on different litter types; 
(ii) comparisons of litter fungi between different times of the year; 
(iii) comparisons between fungi from naturally entrained litter with those from the same 
kinds of litter artificially inserted into the stream; 
(iv) comparisons between fungi present on litter at different times after it was inserted 
into the stream; 
(v) comparisons between fungal communities developing on samples oflitter subjected 
to differing chemical extractive pre-treatments. 
(vi) comparisonsbetween several of the above factors which will reveal interactions 
between them. 
These will be dealt with in sequence within this discussion. But, because two different 
techniques were used for revealing the fungi present, the first comparison to consider is 
between these two methods. 
4.7.1. Comparisons between the static and aerated incubation techniques 
Naturally entrained leaves of E. viminalis and phyllodes of A. melanoxylon were 
evaluated by both static and aerated incubation techniques (Sections 4.2 and 4.3). Table 
4.17 summarises the results using the two methods in the form of lists of the ten most 
abundant species revealed by the two techniques. In the comparison during 
summer/autumn periods the same nine fungal species appeared in both lists of the ten top 
species. Moreover, four species had exactly the same ranking in each list, and two others 
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were within one rank position of each other, showing remarkable agreement between the 
results obtained from the two techniques. In the comparison between winter/spring and 
summer/autumn periods the same six fungal species occupied the six top placings in both 
lists, although quite different species were present in the seventh to tenth positions. 
There were also two substantial differences in the ordering: T. elegans was ranked first 
by the 'static' method and L. cymbiformis first by the 'aeration' method. T. elegans was 
only sixth according to the 'aeration' method, and L. cymbiformis was fifth according to 
the 'static' method. 
Other differences between results of the two techniques were that A. crass a appeared 
amongst the top ten in both summer and winter on the leaf disks incubated in static 
water, but was not represented amongst the top ten within the fungi from aeration 
samples. Conversely, unknown sp.50 appeared in both summer and winter samples using 
the aeration incubation procedure (seventh and eigth ranking), but was not in the top ten 
found by the static leaf disk method. 
Over the fifteen months and twenty eight sampling times when the static incubation 
technique was used, thirty eight species of fungi were recorded on the phyllodes or 
leaves (Table 4.2). For the nine months and seventeen sampling times the aerated 
incubation procedure was applied thirty two species were detected on leaves and 
phyllodes (Table 4.5). Since species number is commonly related to size of sample 
(Sanders & Anderson 1979), it seems likely that if both techniques were to be applied 
over a similar length of time and at a similar frequency both might well have detected a 
similar number of species. 
In summary, while there were some differences in the results from the two different 
techniques, considering that the data were collected in different years (but same seasons) 
the agreement in findings between the two techniques is remarkably good. 
4. 7 .2. Comparisons between fun2"al communities on different litter types 
Comparisons between fungi on different litter types were made for the purpose of 
detecting any evidence of specificity or preference by fungi for particular litter types. 
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Specificity - A resource-specific fungal species would be one which occurs only on one 
litter type (or at most a group of closely related litter types). In the aerated incubation 
comparisons between fungi and a range of litter types, nine of the 48 species were 
detected on just one of the litter types. However, five of these latter were recorded only 
once and so could not possibly be represented on more than one litter type. Of the 
remainder, two occurred twice on the same litter, one three times, and one four times 
(unknown sp.45 on phyllodes of A. melanoxylon). 
When assessing such data, a decision has to be made whether a species is sufficiently 
common to have had a suitable opportunity to be detected on more than one litter type. 
Clearly most of these were not. And while the occurrences of unknown species 45 in a 
quarter of the A. melanoxylon phyllode samplings, in contrast with its absence from 
samples of the other seven litter types, might seem important, this is belied by the fact 
that sp.45 did occur on eleven of the 560 disks taken from naturally entrained leaves of 
E. viminalis compared with 45 of the 560 disks taken from naturally entrained phyllodes 
of A. melanoxylon in the static incubation study. So it can be concluded that there was 
no reliable instance of absolute specificity of fungus for litter type detected in this study. 
Preference - Litter preference, expressed as a quantitative bias for a fungus towards 
certain types of litter, is another matter entirely. Considerable evidence has been 
accumulated in this chapter of litter preferences amongst some of the fungi. 
Seven of the ten most common aquatic hyphomycete species recorded from samples of 
naturally entrained litter, showed a preference for either A. melanoxylon phyllodes or E. 
viminalis leaves (Table 4.3). A. acuminata, Cl. aquatica and Flagellospora sp.33 were 
detected more frequently on A.melanoxylon phyllodes; A. crassa, Cu. aquatica, L. 
curvula and T. elegans were detected more frequently on E.viminalis leaves. 
A similar trend was found for leaves and phyllodes artificially inserted into the stream 
(Table 4.8). A. acuminata, Cl. aquatica, and Flagellospora sp.33 were again more 
frequently detected on A. melanoxylon phyllodes than on E. viminalis leaves, and Cu. 
aquatica was more frequent on E. viminalis leaves than on A. melanoxylon phyllodes. 
However, in these situations T. elegans and L. curvula were more or less equally 
represented on both litter types. 
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Bark and twigs from the same species, E. viminalis, also returned different proportions 
of fungal species. Consider, for example, the species occurring on bark and twigs, and 
producing the most spores on the 12 Nov. 1990, ten months after each were inserted 
together into the same section of Lees Creek (Tables 4.14 and 4.15). L. cymbiformis 
(49%) and A. acuminata (27%) were the most prominent species on bark; unknown 
sp.20 (38%), A. crassa (23%) and F. penicillioides (21 %) predominated on twigs, with 
L. cymbiformis a poor fourth (8% ). 
The strongest evidence for fungus-litter preference came from the study in which eight 
different litter types were collected at intervals, aerated in a column of water to release 
spores, which were sampled by membrane filtration (Section 4.3). Some of the same 
preferences pointed out above were also evident in this study. Thus again A. acuminata, 
Cl. aquatica, and Flagellospora sp.33 were more common on A. melanoxylon phyllodes 
than on E. viminalis leaves and T. elegans was more prominent on E.viminalis leaves 
than on A. melanoxylon phyllodes. Also A. acuminata was more common on eucalypt 
bark than twigs, while F. penicillioides was more common on twigs. But the most 
dramatic demonstration of fungal litter preferences were provided by the agglomerative 
classification where similar litter types (leaves versus non-leaves, persistent versus non-
persistent materials) were often grouped together (Figure 4.4; Section 4.3.2.4.) and 
discriminant analysis (Table 4.6) which showed how the litter type could be predicted 
with a high degree of success from a knowledge of the mix of fungal species found 
growing on each. 
4. 7 .3. Comparison of litter fun~i between different times of the year 
Most of the observation and experiments provided for comparisons between the 
summer/autumn period (December to April when most of the litter was added to the 
stream)and the winter/spring period (June to October). Consistent patterns of seasonal 
occurrence emerged for some of the prominent fungi (Table 4.18). 
Fungi prominent in the summer/ autumn period - Three fungi F. penicillioides, L. 
curvula and L. cymbiformis consistently appeared more frequently in the 
summer/autumn period than in the winter/spring period (Table 4.18). F. penicillioides 
and L. cymbiformis in particular had higher scores over three different studies and 
according to three different measures of abundance/relative abundance. L. curvula 
followed the same trend throughout, but in the study of eight litter types its abundance 
was too low to register on Figure 4.5. In fact it was detected 51 times out of 63 in 
summer/autumn compared to only 23 out of 72 times in winter/spring, and its overall 
mean percent of spores declined from 0.51 in summer/autumn to 0.11 in winter/spring. 
Fungi prominent in the winter/spring period - In contrast to the above, abundance or 
relative abundance of A. acuminata and Cl. aquatica was consistently higher in the 
winter/spring period (Table 4.18) according to different measures made at different 
times. Amongst the other fungi A. crassa appeared to be slightly more abundant in 
winter than summer (Figure 4.1; Table 4.8) but its overall abundance was not high, so 
this cannot be taken to be a very clear indication 
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4. 7 .4. Comparisons between funei for naturally entrained litter with those from the 
same kinds of litter artifically inserted into the stream. 
Leaves of E. viminalis and phyllodes of A. melanoxylon - The same method, static 
incubation of leaf disks, was also used to evaluate the fungi on naturally entrained and 
artificially inserted leaves and phyllodes, so a direct comparison is possible. Table 4.19 
lists the ten most frequently detected species for the two litter types, for both 
summer/autumn and winter/spring seasons. There was reasonably good agreement 
between the community species composition for both natural and inserted litter (Table 
4.19). In both summer/autumn and winter/spring periods, eight of the ten fungal species 
are common to each list, even though most of the ranking orders are changed. 
Bark and twigs of E. viminalis - It is also possible to compare the fungi on naturally 
occurring versus artificially inserted bark and twigs. For example, in Table 4.20, the 
winter/spring sample of naturally occurring bark and twigs shows the same three most 
common species as the sample from artificially inserted bark and twigs, (together 
accounting for 67% and 87% of all spores). 
In the case of the summer/autumn samples, the question arises which is the most 
appropriate comparison? It is evident that there are considerable differences between the 
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first and second year samples of fungi from the litter inserted into the stream. Assuming 
that the natural litter had been in the stream for a considerable period, and was not just 
recently fallen, then the most appropriate comparison would be made between the 
natural samples and the second sample of the inserted material, which had a year in the 
stream. 
In that comparison, L. cymbiformis, A. acuminata and F. penicillioides (accounting for 
45% and 76% of all spores in naturally entrained and inserted material), were all found in 
the top four ranking positions. Some of the lower ranked fungi were also common in 
both lists, but the agreements between ranked places were usually poor (e.g. T. 
chaetocladium third on natural versus tenth on artificially inserted litter). 
4.7.5. Comparisons between funei present on litter at different times after it was 
inserted into the stream. 
Table 4.20 also shows how there can be marked changes over time in the composition of 
the fungal flora of a set of bark and twig litter inserted into the stream (Table 4.20 
represents data based on combinations of bark and twig samples) - compare data for the 
first first January (three weeks after the litter had been inserted) with data for second the 
January (13 months after insertion). Between these sampling times, there was a hundred 
fold percentage increase in the contribution to the fungal spora by F. penicillioides, a 
tenfold percentage increase in A. acuminata, while simultaneously L. cymbiformis 
decreased by two thirds. So, although these samples had been selected for similarity 
before being inserted into the stream, they showed marked differences with time. 
Compare these with the close similarity of naturally entrained litter collected in the 
different seasons, where the top four most frequently occurring species remained the 
same, and there was never more than a two-fold difference in the percentage 
representation of the same species in different seasons. This shows that there is another 
important factor at work here in the form of successional changes on the litter. 
If the changing occurrence of fungi on bark and twigs is examined over time, three 
phases of succession are evident: early; middle; and late phases (Tables 4.14 & 4.15; 
Section 4.6). However, the role of each species involved in the succession was not 
always consistent between the two litter resources. In the early phase, spores of L. 
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cymbiformis were generally the most frequently detected from bark and twigs. Other 
species prominent in the early stage of bark and twig decomposition were: Clavatospora 
longibrachiata, Tricladium chaetocladium and unknown sp.50 and sp.38, all of which 
occurred relatively more frequently in the first month or two than at any time later on 
twigs; and Clavatospora longibrachiata, and unknown sp.50 which occurred relatively 
more frequently in the first month or two than at any time later on bark. 
In the early to middle stages of twig decomposition, spores of F. penicillioides gradually 
became more frequent as the resource decayed, while on the bark, A. acuminata fulfilled 
that role. In the middle stages of the study a few species appeared to become definitely 
more frequent for a month or two in the spore catch from these resources. These 
included: Flagellospora sp.41 on twigs and bark; and unknown sp.20 on twigs. 
However, in the middle stage L. cymbiformis still numerically dominated spore 
production from bark and twigs (Tables 4.14 & 4.15; Section 4.6). 
In the later stage of the study a number of other species rose to prominence including: A. 
crassa, D.foliicola, unknown species 20 & 40 on twigs; and A. crassa and Cl. aquatica 
on bark. By the end of the study, spore output of L. cymbiformis relative to the other 
species had declined from >70% in the early phase to <10% of spores produced from 
twigs and from 67% early on to 37% on bark (Tables 4.14 & 4.15; Section 4.6). 
Another component of the present study, where successional change was detected in the 
fungal community, was on leaves and phyllodes of E. viminalis and A. melanoxylon 
inserted into the stream in summer. The occurrence of six species, T. elegans, L. 
cymbiformis, F. penicillioides, Flagellospora sp.33, Cl. aquatica and A. acuminata, was 
plotted in order of chronological occurrence (Section 4.4.2.3. Fig. 4.6). 
Three recognizable phases of species colonization were distinctly evident on the 
phyllodes which decayed over 120 days: early, middle and late. 
In the early decompositional stages two species dominated (T. elegans & L. 
cymbiformis). These reached a higher frequency of occurrence (up to 100% of disks 
colonized at a sampling time) than the later colonizing species and then proceeded to 
decline rapidly in occurrence. Flagellospora penicillioides occurred on Acacia phyllodes 
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in a similar manner to T. elegans and L. cymbiformis, though never at such a high 
frequency. On eucalypt leaves F. penicillioides was amongst the first detected and then 
increased in frequency of occurrence through the decomposition process. 
In the middle stages of decomposition Flagellospora sp.33 rose to prominence on leaves 
and phyllodes as did Cl. aquatica on Acacia phyllodes. 
In the later stage of decomposition Cl. aquatica and A. acuminata became more 
prominent on eucalypt leaves and A. acuminata became the most frequently detected 
species over the last third of the decomposition period on Acacia phyllodes, with 
Flagellospora sp.33 and Cl. aquatica both still present to the last sampling period. 
Interpretation of the occurrence of these species on eucalypt leaves is hindered by the 
fact that the eucalypt leaves only lasted half as long (60 days) as the Acacia phyllodes, 
but the pattern of occurrence of the above six species was essentially the same. 
4.7.6. Comparison between funi:aI colonization of litter subjected to differini: 
chemical extractive pre-treatments 
The major effect of pretreating either E. viminalis leaves or A. melanoxylon phyllodes 
with chemical extractives, especially the full ether-ethanol-hot water treatment, was to 
advance the colonization by fungi. This was evident for all these features; (i) time to first 
appearance of sporulation capable colonies; (ii) time to maximum abundance; and (iii) 
time to onset of decline in abundance, indicating advance of colonization. One or more 
of these criterion applied to practically all of the fungal species examined. 
The advance of the colonization process, led in turn to higher incidences of most species 
on the chemically extracted leaves and phyllodes relative to the controls. The chemical 
extractions did not alter the proportional representation of the common species on A. 
melanoxylon phyllodes markedly, the ranking order of the ten most common fungi being 
closely comparable between untreated control and the chemical extractive treatment 
(Table 4.21). 
There was a somewhat more noticeable effect of chemical extractive pre-treatment on 
the communities on E. viminalis leaves, where F. penicillioides declined by half, and 
there were marked increases in representation of unknown species 20 (six fold) and 50 
(eleven fold), where it replaced F. penicillioides in the top ten table. 
Although no previous studies have applied a sequential chemically extractive leaching 
process to a resource as part of an investigation in the colonization of the resource by 
aquatic hyphomycetes, other workers have subjected some litter types to a variety of 
single chemical treatments, or have incorporated substances extracted from litter into 
culture media to test for their effects on fungal growth. Examples are given below. 
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Barlocher et al. (1978) found that treating needles of Pinus resinosa with either hot 
water, hydrochloric acid, alcohol or sodium hydroxide increased the rate of fungal 
colonization. Michaelides & Kendrick (1978) subjected needles of four species of pine 
trees to a variety of chemical treatments including - chloroform, methanol, hot ethanol 
and hot water, and found all these treatments increased fungal colonization of the 
needles relative to the untreated control. Barlocher & Oertli (1978) chemically extracted 
powdered needles of Pinus leucodermis and Sequoia gigantea separately with -
petroleum ether, ethanol, methanol, or distilled water, and then incorporated the extracts 
into culture media, and found that all extracts depressed fungal growth but the strongest 
effect came from the alcohol extracts. Barlocher et al. (1979) found that needles of 
Pinus leucodermis subjected to treatment in petroleum ether or methanol, contained 
greater numbers of conidiophores than untreated needles after three weeks in a stream; 
fungal colonization was also found to be greater on needles sliced longitudinally than on 
whole needles. Gunasekera & Webster (1983) incorporated powder of Pinus sylvestris 
and Quercus robur wood into agar and found that the powder depressed the growth of 
the fungi tested; leaching the wood powder prior to incorporation into the media either 
reduced or lost the inhibitory influence of the powder. Barlocher (1991, 1992) found 
that colonization of fresh undried Alder leaves was slower than that of fresh dried leaves; 
the undried leaves were reported to lose only 5% of dry mass after seven days of 
leaching while the dried leaves lost 20% of dry mass suggesting some inhibitory agent of 
fungal colonization was rapidly lost from the predried leaves. 
The findings of the present study and the studies reviewed above are in good general 
agreement, in showing that various extractive pretreatments all tend to condition leaf 
littter in a way which, permits more rapid colonization by hyphomycetes. 
The generality of this response, taken together with the studies ( Barlocher & Oertli 
1978, and Gunasekera & Webster 1983) which showed that fungal growth can be 
inhibited by incorporation of extracted materials into culture media, imply that leaves and 
phyllodes normally, contain inhibitory chemicals. In some studies, particular extractions 
had larger effects than others, pointing to particular classes of compounds, but in the 
present study no one step in the extraction proceedure stood out as most important. 
Consequently it is not possible focus on likely candidates for the principles involved. 
This work could be taken further by incorporation of extracts from the litter into culture 
media as above , or on to a cellulose substrate, followed by an examination of 
subsequent fungal colonization and growth. It is possible that some of the materials 
extracted, particularly the waxy surface layers, may play the role of physical barriers to 
fungal penetration. A greater understanding of the physical processes involved in the 
initial penetration of a resource and subsequent exploitation of the resource by aquatic 
hyphomycetes, is needed before exploring that avenue. 
4. 7. 7. Major interactions between factors 
4.7.7.1. Interaction between seasonal occurrence and litter preference 
Evidence was found for seasonal differences in the degree of preference shown by a 
species for a particular litter type. For example: in the aerated incubation study, 
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T. chaetocladium increased its representation on phyllodes of A. melanoxylon and leaves 
of E. viminalis in winter/spring relative to summer/autumn, but at the same time 
T. chaetocladium's occurrence on sedge leaves and Acacia bark diminished considerably 
in winter/spring relative to summer/autumn (Figure 4.3, Section 4.3.2.3.). A similar 
anomaly occurred with F. penicillioides which increased its relative spore output on 
twigs in winter/spring relative to summer/autumn, while at the same time its relative 
spore production declined markedly on sedge leaves, bark and phyllodes of 
A. melanoxylon (Figure 4.3, Section 4.3.2.3.). 
It seems unlikely that there is a direct effect of season on the nature of individual types of 
litter as resources. The more likely suggestion is that the broad seasonal shift in major 
species colonizing any particular resource, influences the occurrence of other species on 
that resource. The fungi most subject to such influences are species such as Tricladium 
chaetocladium, whose general abundance is constant throughout the year, but whose 
distribution between different litter types changes in response to the large shift from 
summer dominant species such as L. cymbiformis to winter dominant species such as A. 
acuminata. 
Lunulospora cymbiformis, with a preference for leafy materials is dominant through the 
summer; A. acuminata with a preference for the more woody persistent materials, is 
dominant through the winter. T. chaetocladium overall is represented at the same 
proportional level throughout the year, but apparently changes its preferences. In winter, 
when A. acuminata is most active in the more woody/persistent materials, and 
L. cymbiformis is not very active on leafy materials, T. chaetocladium occurs 
predominantly on the leafy materials (approximately 75% of its proportional occurrence 
on Pomaderris and eucalypt leaves and on Acacia phyllodes). In summer, when 
L. cymbiformis is most active in the leafy materials and A. acuminata is not so active on 
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the more woody/persistent materials, T. chaetocladium, is slightly more abundant on the 
more woody/persistent materials. Thus the 'preferences' of T. chaetocladium appear to a 
considerable extent to be determined seasonally by competition from either A. acuminata 
or L. cymbiformis. 
4.7.7.2. Interaction between succession and litter preference 
There is the possibility that some of the litter preferences detected in the present study 
may in fact be a case of succession masquerading as preference. For example in Figure 
4.le and Table 4.3 (Section 4.2.2.2.) where the occurrence of aquatic hyphomycetes on 
naturally entrained leaves was examined, both A. acuminata and Cl. aquatica are shown 
as having strong preferences for A. melanoxylon relative to E. viminalis. However, both 
A. acuminata and Cl. aquatica are also recorded as being fungi involved in the later 
successional phase on these litter types (Figure 4.6, Section 4.4.2.3.). Data presented in 
Chapter 3 (Section 3.3.2.3.) shows that leaves of E. viminalis break down considerably 
faster than phyllodes of A. melanoxylon. It may be that the apparent preference of A. 
acuminata and Cl. aquatica for phyllodes of A. melanoxylon relative to leaves of E. 
viminalis has arisen because phyllodes decay slowly enough for fungi in the later 
succession phase to dominate the phyllode, while eucalypt leaves mostly decay before 
the later fungal species get the opportunity to dominate. 
Table 4.17. 
Seasons 
The ten most common fungal species on leaves and 
phyllodes in Lees Creek as determined by two different 
techniques. 
Static incubation of leaf 
disks, scored for presence 
or absence of fungal species 
Aerated incubation of 
whole leaves, samples 
of water filtered and 
spores counted 
Summer/autumn 
(December - April) 
L. cymbif ormis 
T. chaetocladium 
T. elegans 
L. cymbiformis 
T. chaetocladium 
F. penicillioides 
T. elegans 
Winter/spring 
(July - October) 
F. penicillioides 
L. curvula 
Flagellospora sp.33 
A. acuminata 
Cl. aquatica 
unknown sp.8 
A. crassa 
T. elegans 
T. chaetocladium 
Cl. aquatica 
A. acuminata 
L. cymbiformis 
Flagellospora sp.33 
C. aquaticum 
Cu. aquatica 
unknown sp.45 
A. crassa 
A. acuminata 
L. curvula 
unknown sp.50 
Cl. aquatica 
unknown sp.8 
Flagellospora sp.33 
L. cymbiformis 
T. chaetocladium 
A. acuminata 
Cl. aquatica 
Flagellospora sp.33 
T. elegans 
unknown sp.8 
unknown sp.50 
unknown sp.38 
D.foliicola 
Table 4.18 Five fungal species which showed consistent seasonal patterns of 
abundance/relative abundance on litter samples in Lees Creek 
Measure Figure/fable 
Percent of leaf and phyllode Figure 4.1 
disks on which fungus was 
present 
The number of times fungus Table 4.5 
was present as> 5% of all 
spores produced from eight 
different litter types 
Spores recovered for a Figure 4.3 
particular species as % of all 
spores counted on leaves and 
phyllodes 
Percent of disks cut from leaf Table 4.8 
and phyllodes artificially 
inserted into Lees Creek 
Higher in Summer Higher in Winter 
I Autumn /Spring 
F. penicillioides 
L. curvula 
L. cymbiformis 
F. penicillioides 
(19 v 7) 
L. cymbiformis 
(62 v 32) 
F. penicillioides 
L. cymbiformis 
F. penicillioides 
(25% v 1%) 
L. curvula 
(16% v4%) 
L. cymbiformis 
(48% v 34%) 
CJ. aquatica 
A. acuminata 
(59 v 42) 
CJ. aquatica 
(16 v 9) 
A. acuminata 
CJ. aquatica 
A. acuminata 
(24% v 16%) 
Cl. aquatica 
(45% v 19%) 
Table 4.19 The ten most common fungal species (leaf disk method) for 
naturally entrained and inserted leaves and phyllodes. 
Seasons 
Summer/ Autumn 
(Dec. - April) 
Winter/Spring 
(July - Oct.) 
Naturally entrained 
leaves and phyllodes 
L. cymbif ormis 
T. chaetocladium 
T. elegans 
F. penicillioides 
L. curvula 
Flagellospora sp.33 
A. acuminata 
Cl. aquatica 
unknown sp.8 
A. crassa 
T. elegans 
T. chaetocladium 
Cl. aquatica 
A. acuminata 
L. cymbiformis 
Flagellospora sp.33 
C. aquaticum 
Cu. aquatica 
unknown sp.45 
A. crassa 
Sources 
Leaves and phyllodes 
inserted into the stream 
T. elegans 
T. chaetocladium 
L. cymbiformis 
Flagellospora sp.33 
F. penicillioides 
Cl. aquatica 
A. acuminata 
L. curvula 
unknown sp.47 
Cu. aquatica 
Cl. aquatica 
T. chaetocladium 
T. elegans 
L. cymbiformis 
A. acuminata 
unknown sp.50 
Flagellospora sp.33 
unknown sp.18 
C. aquaticum 
Cu.aquatica 
Table 4.20 Ranked lists of the ten most common fungal species detected 
Seasons & 
Sources 
winter/spring 
on bark and twigs, both naturally entrained and artificially inserted 
into Lees Creek. 
Naturally entrained Bark and twigs inserted 
bark and twigs into the stream 
July - October September data 
A. acuminata (42%) L. cymbiformis (65%) 
L. cymbiformis (15%) A. acuminata (15%) 
F. penicillioides (10%) F. penicillioides (7%) 
T. chaetocladium (7%) unknown sp.20 (3%) 
unknown sp.50 (5%) Flagellospora sp.41 (2%) 
Fusarium sp.12 (3.4%) L.curvula (2%) 
Cu. aquatica (2.8%) T. elegans (1.5%) 
Cl. aquatica (2.5%) unknown sp.32 (1 %) 
D.foliicola (2.2%) T. chaetocladium (0.7%) 
unknown sp.20 (2.1 % ) unknown sp.47 (0.5%) 
summer/autumn December - April January first year January second year 
L. cymbiformis (29%) L. cymbiformis (72%) F. penicillioides (33%) 
A. acuminata (22%) unknown sp.50 (17%) L. cymbiformis (22%) 
T. chaetocladium (9%) C. longibrachiata (3%) A. acuminata (21 %) 
F. penicillioides (8%) T. chaetocladium (3%) D.foliicola (6%) 
unknown sp.50 (8%) A.acuminata (2%) A. crassa (5%) 
unknown sp.20 (4%) unknown sp.38 (1.2%) unknown sp.40 (5%) 
Cl. aquatica (3%) T. elegans (0.5%) unknown sp.20 (1.5%) 
unknown sp.41 (2%) Flagellospora sp.33 (0.4%) Cl.aquatica (1 % ) 
unknownsp.47 (1.5%) F. penicillioides (0.3%) T. chaetocladium ( 1 % ) 
unknown sp.18 (1.3%) Flagellospora sp.41 (0.2%) unknown sp.47(1 %) 
Table 4.21 Ranked lists of abundance of the ten most common fungal species 
which occurred on unextracted control and ether-ethanol-hot 
water treated leaves and phyllodes. 
Litter type 
Acacia 
melanoxylon 
phyllodes 
Eucalyptus 
viminalis 
leaves 
Unextracted 
T. chaetocladium 
Cl. aquatica 
T. elegans 
L. cymbiformis 
A. acuminata 
Flagellospora sp.33 
unknown sp.50 
C. aquaticum 
Cu. aquatica 
A. tetracladia 
T. elegans 
L. cymbif ormis 
T. chaetocladium 
F. penicillioides 
Flagellospora sp.33 
Cl. aquatica 
L. curvula 
unknown sp.47 
Cu. aquatica 
unknown sp.18 
Ether-ethanol-hot 
water extraction 
Cl. aquatica 
T. elegans 
T. chaetocladium 
L. cymbiformis 
A. acuminata 
Flagellospora sp.33 
unknown sp.50 
Cu. aquatica 
C. aquaticum 
L. curvula 
L. cymbif ormis 
T. elegans 
Cl. aquatica 
Flagellospora sp.33 
unknown sp.50 
T. chaetocladium 
A. acuminata 
unknown sp.20 
L. curvula 
Cu. aquatica 
CHAPTER 5. 
TEMPORAL VARIATION OF SPORE 
CONCENTRATIONS 
AT ONE SITE ON LEES CREEK 
5.1. INTRODUCTION 
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The major work described in this chapter is a two-and-one-half year study of the aquatic 
hyphomycete spora at one site in Lees Creek. The first aim of this was to determine 
seasonal patterns of: (i) species richness; (ii) overall spore concentration; and (iii) relative 
abundance of individual species. The second aim was to test for correlations between 
these seasonal patterns and environmental variables likely to have an effect on them. To 
this end the following environmental variables were measured each time the stream spora 
was sampled: stream temperature; water conductivity; dissolved oxygen and water pH. 
In addition, local rainfall records were examined. Data from the parallel study on 
seasonal litterfall, previously described in CHAPTER 3, were also used in the correlation 
studies. 
To keep related material together while minimising repetition and cross referencing, the 
results of this large study are presented and organized Section in 5.2 as follows. The 
environmental data are given first and correlations between these tested. Then each 
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fungal variable is dealt with in turn (species richness; then overall spore concentration; 
followed by contributions of individual species), with each data set followed by tests of 
correlation against all environmental variables. 
In addition to this extended time-course study directed towards seasonal changes in the 
stream spora, a short-term study was conducted to test for diurnal changes in the stream 
spora. A pilot study showed evidence of diurnal variation in the stream spora, and a 
more detailed study confirmed the occurrence of diurnal variation in the stream spora. 
These two studies are described in Section 5.3, together with an experiment intended to 
explain the diurnal changes detected in the stream spora. 
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5.2. SEASONAL VARIATION 
5.2.1 Materials and Methods 
5.2.1.1 Location and timing of sampling 
Water samples were taken from Lees Creek at Site 1 (Figure 2.3) between 0930 hrs and 
1130 hrs, on the following basis: twice a month from February 1988 to April 1990, and 
once in the middle of each month from May 1990 to October 1990. 
5.2.1.2 Measuring stream variables 
A multielectrode probe, (Hydrolab TM surveyor model 2) equipped with temperature, 
conductivity, dissolved oxygen and pH sensors, was inserted into Lees Creek and 
allowed one half hour to equilibrate before readings were recorded. The instrument was 
calibrated for measuring water temperature once every few months. Conductivity and 
pH sensors were calibrated against standard solutions on the afternoon or evening 
immediately before each morning sampling. The dissolved oxygen sensor was calibrated 
against oxygen saturated water on the afternoon or evening immediately before each 
sampling. Calibrations were found to change very little during the study. 
5.2.1.3 Daily rainfall 
Rainfall records were obtained for Bendora Darn, eight km from the study site, from the 
Australian Capital Territory Electricity and Water Authority. Sampling of daily rainfall at 
the study site was not attempted. No automatic system for measuring rainfall was 
available, and it is in any case difficult to obtain reliable measurements within a forest 
canopy. 
5.2.1.4 Litterfall 
Litterf all in the immediate vicinity was measured as previously described in Chapter 3. 
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5.2.1.5. Measuring spore concentration 
Fungal conidia were extracted from five separate water samples, each of 250ml, using 
the membrane filtration technique (after Iqbal and Webster 1973) as described in Section 
4.3.1.3. During warm weather and when the membranes were to be stored for an 
extended time, a filter paper (Whatman N o.1) was placed under the membrane filter 
before adding the lactophenol. This filter paper helped to retain humidity in the sample. 
The petri dishes containing the stained membrane filter samples were then placed in a 
further air-tight plastic container containing some moist tissue paper. These containers 
were stored at four degrees centigrade. Spores caught on the surface of the filter were 
assessed as described in Section 4.3.1.4. Standard errors of the mean spore counts 
obtained from this method were found to be consistantly low for the common species, 
indicating that the sample size and replication provided good representative samples of 
the stream spora. 
5.2.2. Results 
5.2.2.1. Environmental factors 
5.2.2.1.1. Seasonal patterns in environmental variables 
Stream variables - Water temperature ranged from 6.2 to 13.7°C, and was generally 
high between December and April and low from June to August (Figure 5.la), the single 
high peak in July 1988 corresponded with high rainfall immediately before sampling. 
Mean value for water temperature over the entire period of this study was 10.2°C. 
Water temperature each year was above this mean value from November to May, and 
below the mean from June to October. Conductivity generally ranged from 21 µS cm-1 
in winter to 39 µS cm-1 in summer (Figure 5.lb). On one occasion winter conductivity 
fell inexplicably to 12 µS cm-1. The mean value for conductivity over the entire period 
of this study was 28.6 µS. Dissolved oxygen ranged from 8 or 8.5 mg L-1 in summer to 
11 mg L-1 in winter (Figure 5.lc). The mean value for dissolved oxygen over the entire 
period of this study was 9.5 mg L-1. pH varied from neutral (7 .2) to mildly acidic (6.2), 
but without exhibiting any obvious seasonal pattern (Figure 5.ld). Mean value for water 
pH over the entire period of this study was 6.63. 
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Rainfall - A total of 1407 mm of rain fell at Bendora Dam in 1988, 1228 mm in 1989, 
and from January 1990 to October 1990 840 mm of rain had fallen. Over that period of 
nearly three years, autumn was wetter than the other seasons (mean of 445 mm 
compared with 253 - 298 mm) largely because of the consistently higher rainfall in April 
(mean 185 mm) and May (100 - 200 mm). January had consistently low rainfall (32 - 70 
mm) during those three years. During the three years when data were collected, the least 
variation in monthly rainfall occurred between April records, while February and March 
monthly rainfalls were the most variable between years (Figure 5.le, Table 5.1). The 
lowest total monthly rainfall during this study occurred in February 1989 with only 2.4 
mm recorded, followed by September 1990 (11 mm) and March 1990 (11.7 mm) (Table 
5.1). The highest total monthly rainfall during this study occurred in March 1989 (329 
mm), followed by December 1988 (264.9 mm) and July 1988 (263.5 mm) (Table 5.1). 
Total littelfall - The pattern of litterfall into Lees Creek has been fully described in 
CHAPTER 3. Briefly, there was a consistent annual pattern, with major litterfall 
occurring from December to February and minor litterfall from June to September 
(Figure 5.lf). 
5.2.2.1.2. Correlations amongst environmental variables 
Litter variables - There were highly significant (p<0.0005) positive correlations among 
total litterfall, eucalypt leaf fall, and the fall of Acacia melanoxylon phyllodes (Table 
5.2). 
Stream variables - Temperature was significantly (p<0.0005) highly positively correlated 
with conductivity and highly negatively correlated with dissolved oxygen. Dissolved 
oxygen and conductivity had a significant (p<0.0005) negative correlation (Table 5.2). 
pH was not significantly correlated with temperature conductivity or dissolved oxygen 
(p>0.05) (Table 5.2). 
Litter versus stream variables - The three litter variables, total litter, eucalypt leaves and 
A. melanoxylon phyllodes, were all most strongly positively correlated with stream 
temperature, all correlation coefficients being highly significant (p<0.0005) (Table 5.2). 
The same litter variables were also significantly (p>0.05) positively correlated with 
conductivity and negatively correlated with dissolved oxygen concentrations, although 
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Figure 5.1 Seasonal changes in environmental variables, number of fungal species and 
the total of fungal spores sampled from Lees Creek during February 1988 
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Table 5.1. Monthly rainfall totals at Bendora Dam 
during the period of study 
Month Monthly rainfall (mm) 
Year 
1988 1989 1990 
January 36.6 70.0 59.9 
February 51.4 2.4 138.6 
March 36.9 329.0 11.7 
April 158.0 192.8 204.6 
May 169.6 97.8 134.6 
June 103.0 87.8 48.7 
July 263.5 68.1 136.6 
August 62.4 73.0 94.3 
September 113.5 30.9 11.0 
October 45.0 102.8 
November 102.7 111.6 
December 264.9 61.7 
Table 5.2. Pearson correlation coefficients and levels of significance for correlations between physical, 
chemical, and litterfall during the two and a half year study of Lees Creek. 
Properties of the creek water Rainfall Litterfall into Lees Creek 
in the area 
Temperature Conductivity pH Dissolved Total Eucalypt A. melanoxylon 
oxygen litter leaves phyllodes 
Water 1.000 
Temperature 
Conductivity 0.706*** 1.000 
pH 0.161 0.301 * 1.000 
Dissolved -0.758*** -0.681 *** -0.246 1.000 
oxygen 
Rainfall 0.224 0.017 -0.127 -0.248 1.000 
Total 0.769*** 0.619*** 0.251 -0.581 ** 0.063 1.000 
litterfall 
Eucalypt 0.810*** 0.638*** 0.260 -0.547** 0.082 0.960*** 1.000 
leaf fall 
A. melanoxylon 0.629*** 0.427* 0.074 -0.309 0.312 0.788*** 0.778*** 1.000 
phyllode fall 
* p<0.05, ** p<0.005, *** p<0.0005 
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the correlation between phyllodes of A. melanoxylon and dissolved oxygen was not 
significant (p>0.05) (Table 5.2). There were no significant (p>0.05) correlations between 
the three litter variables and pH (Table 5.2). 
Rainfall versus litter and stream variables - Rainfall data were treated as follows. 
Because there is a slight lag between a rain event and its effect on streamflow, rainfall 
was combined for the two days before each occasion when the stream was sampled. 
These data were square root transformed for use in the correlation studies with fungi and 
other environmental variables. The transformation was necessary because these data 
varied over several orders of magnitude. No significant (p>0.05) correlations were 
detected between rainfall and any of the other variables (Table 5.2). 
5.2.2.2. Fungal ocurrence 
5.2.2.2.1 Species abundance 
Fungal species present - A total of 48 fungal species were detected; 27 were identified 
with species described in the literature, a further seven species were tentatively placed 
into genera; which left 14 having unknown affinities (Table 5.3). It is likely that some 
species may have been overlooked because of the difficulty in assigning filiform conidia 
to species on the basis of conidial morphology alone. 
Seasonal changes in the number of species detected - The mean number of species 
recorded ranged from 21 to 37 per sample, but varied little during most of the year, so 
no obvious seasonal pattern emerged (Figure 5.lh). 
5.2.2.2.2. Total spore concentrations 
Lowest total spore counts in Lees Creek during every year occurred sometime in either 
mid winter or in early spring (Figure 5.lh). The magnitude of the lowest spore 
concentrations found in Lees Creek was similar among years (approx. 600 spores L-1; 
Figure 5.lh). Each year, spore concentrations in the stream rose gradually through 
December and January and the highest total spore counts occurred sometime between 
February and April; spore counts then declined sharply thereafter (Figure 5.lh). The 
magnitude of the late summer to early autumn spore peak varied between years, ranging 
from4000L-1in1989 to 8500£-1in1990 (Figure 5.lh). 
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5.2.2.2.3. Occurrence of individual species. 
Selection of species for subsequent analysis - Of the 48 fungi detected, many were only 
found infrequently or at very low spore numbers, which made any seasonal trends for 
such species difficult to discern. Some species were selected as being representative of 
the major seasonal patterns in spore concentrations to be dealt with in more detail in the 
following paragraphs. The selected species are listed in Table 5.4, these species were 
also amongst the most abundant in their contribution to the total spore count in the 
stream, together accounting for 90% of all spores collected. 
Patterns in spore abundance over time - Mean spore counts for twelve of these species 
have been plotted against time over the period of sampling (Figure 5.2). Amongst these 
species, six patterns in seasonal spore abundance are evident. 
The first pattern involves a distinct and recurrent seasonal fluctuation in spore 
abundance, characterized by high spore counts over summer and autumn, and low spore 
counts during winter and spring. Examples of fungi showing this pattern are: F. 
penicillioides; Flagellospora sp.33 and L. cymbiformis (Figure 5.2a - c ); L. curvula (not 
figured) also fell into this group. Amongst those species, L. cymbiformis had the most 
numerous spores, with a maximum of 5263 spores L-1 recorded in April 1990. The 
difference between lowest and highest spore counts for this species was more than 100 
fold (Figure 5.2c). Peak spore counts varied in magnitude between years for all three of 
these summer/autumn dominant species. For example, the highest spore count in each of 
the three years for L. cymbiformis was 5500 spores L-1 in April 1990, 4100 spores L-1 
in April 1988 and only 3400 sporesL-1 in March of 1989 (Figure 5.2c). 
The second pattern, represented by T. chaetocladium, T. elegans and unknown sp.20, is 
where a prominent peak was limited to two of the three summer/autumn periods, and the 
spore count was generally low during winter and spring (Figure 5.2 d - f). For example, 
the highest spore count for T. elegans was 155 spores L-1 in December 1988 and again 
in April 1989 but only 60 spores L-1 in April of 1988 (Figure 5.2d). 
The third pattern is represented by unknown sp.8. This species had slight rises in 
summer/autumn of every year, but with large isolated peaks superimposed on the general 
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pattern in May of 1988 and again in November of 1989 (Figure 5.2g). There was a large 
difference (220 fold) between its highest and lowest spore counts and also a nine fold 
difference in maximum spore counts between 1988 and 1989. 
The fourth pattern is where the recurrent peaks show much less seasonality in their spore 
abundance, with peaks beginning to occur at other times of the year as represented by 
Cu. aquatica and unknown sp.47 (Figures 5.2h - i). For example, unknown sp.47, while 
showing some consistent peaks during during January to April every year, also gave 
peaks in winter or spring (Figure 5.2i). 
The fifth pattern, represented by Cl. aquatica and A. acuminata, involved some peaks in 
November or December, but further peaks again in March or April, as well as a 
continuing low level fluctuation throughout the year (Figure 5.2j & k). For most of the 
study both these species shared a similar pattern in the timing of the rises and falls in 
spore concentrations, usually differing only in the magnitude of those changes (Figure 
5.2j & k). 
The final pattern is represented by A. crassa, where peaks in spore output seemed to 
occur at any time of the year, but including at least one major peak in winter of every 
year (Figure 5.21). 
Relative contribution of individual species to the total spora - In Figure 5.3, the relative 
occurrence of twelve major species is plotted as a proportion of total spores over time. 
Five patterns evident in that figure are described in the following paragraphs. 
Pattern one (Figure 5.3a) is where a species made its highest contribution to the total 
spora in summer, autumn and into the early part of winter, and hence was similar to the 
general pattern of total spores in the stream. Not suprisingly, this first pattern is 
exemplified by the most common fungus in Lees Creek, L. cymbiformis which 
contributed as much as 70% of all spores in late summer and early autumn and as little as 
10% of all spores during late winter or early spring (Figure 5.3a). 
Pattern two (Figure 5.3b) was represented by Flagellospora sp.33, F. penicillioides and 
L. curvula, all of which in proportional terms were relatively constant over the period of 
study. In other words, their seasonal changes in absolute abundance were closely 
proportional to changes in total spore counts. 
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Pattern three (Figure 5.3c) is the opposite of pattern one, i.e. with the proportional 
contribution of a species to the total spora being highest during winter/spring and lowest 
in summer/autumn. The main species in this category were: A. acuminata; Cl. aquatica; 
and unknown sp.47. Their relative contribution to the stream spora rose and fell 
reciprocally with the fluctuations of L. cymbiformis. In this case A. acuminata and Cl. 
aquatica together accounted for up to 35% of the total spora during late winter and 
early spring, and as little as five percent during late summer and early autumn. Spores 
from unknown sp.47 showed the same seasonal pattern in relative abundance as A. 
acuminata and Cl. aquatica during 1989/90, but this pattern was muted during 1988. 
Spores from a fourth species, Cu. aquatica made their highest proportional contribution 
of three percent in spring and were almost absent in late summer or early autumn (Figure 
5.3c). 
Pattern four (Figure 5.3d) is represented by A. crassa. Its major relative contribution to 
the total spora occurred as occasional peaks in winter of each year; the highest being 
24% of all spores in July 1990, while in summer it only accounted for greater than three 
percent of total spores on one occasion (Jan. 1990). Only one major peak occurred 
outside the period described above (April 1989; Figure 5.3d). 
Pattern five (Figure 5.3e) is where relative contribution to the total spora fluctuated 
irregularly over the period of study. Three species: T. chaetocladium; T. elegans and 
unknown sp.8 illustrate this last pattern. The proportion of unknown sp.8 varied 
approximately forty fold over the period of study, and it was the dominant species briefly 
in December 1989. Spores of T. elegans never exceeded eight percent of all spores 
collected at any one sampling time, and its most prominent contribution occurred during 
one period from October 1988 to July 1989; for most of the time spores from T. elegans 
were uncommon. The contribution to the total spora of T. chaetocladium varied from 
two to eleven percent, with the lowest contribution tending to be in summer and autumn 
and the highest contribution occurring unpredictably at other times (Figure 5.3e). 
Table 5.3. Aquatic hyphomycetes recorded as spores from Lees Creek at Site 1. 
a) Identified to species 
Alatospora acuminata sensu lato 
Alatospora pulchella 
Marvanova 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora longissima 
Ingold 
Articulospora tetracladia 
Ingold 
Clavariopsis aquatica 
de Wildeman 
Clavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova 
& Descals 
Culicidospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
Dimorphospora foliicola 
Tubaki 
Flagellospora penicillioides 
Ingold 
Heliscina campanulata 
Marvanova 
b) Tentatively identified to genera 
Fusarium spp. sp.12 
Heliscus lugdunensis 
Sacc & Therry 
Lemonniera aquatica 
de Wildeman 
Lunulospora curvula 
Ingold 
Lunulospora cymbiformis 
Miura 
N aiade Ila fluitans 
Marvanova & Bandoni? sp.61 
Tetracladium marchalianum 
de Wildeman 
Tetracladium setigerum 
(Grove) Ingold 
Tetrachaetum elegans 
de Wildeman 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium splendens 
Ingold 
Triscelophorus acuminatus 
Nawawi 
Tripospermum myrti 
(Lind.) Hughes 
Arborispora sp? sp.26 
Flagellospora sp.33 
Flagellospora sp.41 
Mycocentrospora ? sp.49 
Tetracladium? sp.55 
Triscelophorus sp? sp.46 
c) Apparently undescribed species 
unknown sp.8 unknown sp.25 unknown sp.3 8 unknown sp.4 7 unknown sp.51 
unknown sp.18 unknown sp.32 unknown sp.40 unknown sp.50 unknown sp.65 
unknown sp.23 unknown sp.37 unknown sp.45 
Spores of all species are illustrated in Appendix I 
Table 5.4 Percentage contribution of thirteen prominent 
species to the total fungal spora. 
Species % of all spores 
L. cymbiformis 
unknown sp.8 
T. chaetocladium 
Cl. aquatica 
Flagellospora sp.33 
A. acuminata 
unknown sp.47 
F. penicillioides 
A. crassa 
T. elegans 
unknown sp.20 
L. curvula 
Cu. aquatica 
Total of the above 
51.0 
7.5 
5.3 
5.3 
4.9 
4.6 
2.5 
2.3 
2.0 
1.8 
1.4 
1.0 
0.6 
90.2 
Figure 5.2 Seasonal changes in the concentration of spores of twelve species of aquatic 
hyphomycetes in water sampled from Lees Creek during February 1988 to October 1990 
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Figure 5.3 Proportional contribution to total spore count made by twelve species of aquatic 
hyphomycetes in water sampled from Lees Creek during February 1988 to October 1990 
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5.2.2.3. Correlations between fungi and environmental variables. 
The mean number of species, total spore count and spore concentrations of thirteen 
species, were tested for correlations with environmental variables using Pearson's 
correlation coefficient (Tables 5.5 & 5.6). 
Number of species detected - The mean number of species detected in samples was 
significantly positively correlated only with rainfall (R=0.433, P<0.005) (Table 5.5) 
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Total spore concentrations - Total spore concentrations were highly positively 
correlated (p<0.0005) with all of the litter variables, water temperature and conductivity, 
and negatively with dissolved oxygen (Table 5.5). Total spore count correlated best with 
the litter and stream variables which were previously shown to be correlated significantly 
with each other. The highest correlations for total spore counts were with stream 
temperature (R=0.816) and total litterfall (R=0.786) (Table 5.5). Correlations between 
total spore count and pH or rainfall were not significant (p>0.05) (Table 5.5) 
Individual species - Table 5.5 lists the R values for all correlations between spore counts 
of 13 prominent individual species and the environmental variables. By inspection of that 
table, it can be seen that the fungal species tend to fall into three groups. 
The main group (Group 1) comprises the two Flagellospora species, the two 
Lunulospora species, T. elegans, T. chaetocladium and unknown species 8 and 20. 
These are all characterized by the same patterns of strong significant correlations as for 
the total spore counts, i.e.: positive correlation with water temperature and conductivity; 
negative correlations with dissolved oxygen levels, and positive correlations with the 
litterfall variables (Table 5.6) 
Two subgroups can be distinguished within this main group. Subgroup la includes the 
species of Flagellospora and Lunulospora. These generally show the highest 
correlations with the above stream variables, and with both total litterf all and eucalypt 
leaf fall (Table 5.6). The other subgroup, lb, contains T. chaetocladium, T. elegans and 
unknown sp.8. These three species, unlike the Flagellospora!Lunulospora subgroup, 
show significant (though low) correlations with rainfall and associated lower correlations 
with conductivity and dissolved oxygen. They also have lower correlations with total 
litter and eucalypt leaf fall. Correlations with Acacia phyllode fall are comparable with 
eucalypt leaf fall for these species (Table 5.6). 
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The second main group (Group 2) comprises three species, A. acuminata, A crassa and 
Cl. aquatica. These species have reverse correlations to the major group, i.e. significant 
negative correlations with conductivity and non significant (p>0.05), and often negative 
correlations with stream temperature, and litter variables, while correlations with 
dissolved oxygen were all positive. Only the correlation with dissolved oxygen with Cl. 
aquatica was significant (p<0.05) (Table 5.6). In this group Cl. aquatica was the only 
species to be significantly (p<0.05) correlated with rainfall (Table 5.6). 
In the third and final group, Cu.aquatica and unknown sp.47 also share features in 
common (Table 5.6). Both have low significant correlations with water temperature (R = 
0.34, 0.39) compared to the main group (R = 0.68, 0.82) as well as lower correlations 
with conductivity and dissolved oxygen. Correlations of these two species with litter fall 
variables showed that phyllodes of A. melanoxylon correlated better than either total 
litterfall or the fall of eucalypt leaves (Table 5.6). 
Table 5.5. Pearson correlation coefficients and levels of significance for correlations between fungal parameters and 
and various physical, chemical and litterfall variables. 
Fungal parameters Properties of stream water Rainfall Litterf all into stream 
in the area 
Temperature Conductivity pH Dissolved Total Eucalypt A. melanoxylon 
oxygen litter leaves phyllodes 
Mean number 0.074 -0.183 -0.143 -0.087 0.433** 0.076 0.009 -0.080 
of species 
Total number of 0.817*** 0.656** 0.222 -0.613*** 0.261 0.786*** 0.781 *** 0.585*** 
spores collected 
**p<0.005, ***p<0.0005 
Table 5.6. Pearson correlation coefficients and levels of significance for correlations between spore counts from 
thirteen species of aquatic hyphomycetes and various physical, ch&iical and litterfall variables (data for spore counts were transformed as log(X+l), ramfall as ). 
Fungal species Properties of stream water Rainfall Litterfall into stream 
in the area 
Temperature Conductivity pH Dissolved Total Eucalypt A. melanoxylon 
oxygen litter leaves phyllodes 
A. acuminata 0.032 -0.292* 0.092 0.236 0.095 0.081 -0.003 0.305 
A. crassa -0.171 -0.298* 0.119 0.148 0.240 -0.077 -0.125 -0.119 
Cl. aquatica -0.122 -0.403** -0.186 0.334* 0.296* -0.265 -0.313 0.125 
Cu. aquatica 0.341 * -0.017 -0.059 -0.050 0.238 0.321 0.262 0.581 ** 
F. penicillioides 0.726*** 0.737*** 0.269* -0.655*** 0.159 0.725*** 0.715*** 0.447* 
Flagellospora sp.33 0.774*** 0.638*** 0.183 -0.653*** 0.210 0.756*** 0.700*** 0.614*** 
L. curvula 0.684*** 0.666*** -0.008 -0.623*** 0.193 0.685*** 0.726*** 0.384* 
L. cymbif ormis 0.823*** 0.718*** 0.183 -0.610*** 0.178 0.771 *** 0.804*** 0.560** 
T. elegans 0.718*** 0.309* -0.027 -0.365*** 0.307* 0.588** 0.659*** 0.568** 
T. chaetocladium 0.696*** 0.408** 0.282* -0.398** 0.283* 0.557** 0.564** 0.640*** 
unknown sp.8 0.729*** 0.615** 0.215 -0.594*** 0.327* 0.679*** 0.663*** 0.509** 
unknown sp.20 0.580*** 0.542*** 0.306* -0.414** 0.015 0.699*** 0.618*** 0.549** 
unknown sp.47 0.392** 0.112 0.063 -0.148 0.097 0.545** 0.444* 0.568** 
*p<0.05, **p<0.005, ***p<0.0005 
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5.3. DIURNAL VARIATION 
5.3.l Variation at Site 2 oyer twelve hours. 
5.3.1.1. Materials and Methods 
The stream at Site 2 was sampled over a period of twelve hours on the 25 Sept. 1987, at 
the following times: 06.00; 10.00; 14.00; and 18.00 hours Australian Eastern Standard 
Time. Eight replicate water samples, each of 250 ml, were taken at each time using the 
membrane filtration technique (Iqbal and Webster 1973) as described in Chapter 4. 
Analysis of variance was used for comparisons between spore catches at the different 
sampling times. When significant differences were found, means were compared using 
the Student Newman Kuel's test. 
5.3.1.2. Results 
A significant increase in the total spore count occurred between the morning and 
afternoon sampling events (F = 10.612; df = 3, 28; p<0.001). When the seven most 
abundant taxa were compared over the four sampling times, spores of Cl. aquatica, 
unknown sp. #20 and T. chaetocladium showed significant increases from morning to 
afternoon. Increases occurred with A. acuminata sensu Lato and L. cymbiformis, but 
were not significant (Table 5.7). Water temperature remained constant at 9.4 °c. 
5.3.2. variation at Site 2 over 72 hours. 
5.3.2.1. Materials and Methods 
The fungal spora at Site 2 was sampled at twelve hour intervals over three days in late 
October 1990. Eight replicates of 250 ml were taken each day at 06.00 and 18.00 h, 
again using the membrane filtration technique (Iqbal and Webster 1973) as described in 
Sections 4.3.1.3. and 4.3.1.4 
101 
5.3.2.2. Results 
Results of this observational study (Table 5.8) show clear evidence of a diurnal 
fluctuation in spore counts. Total spore numbers rose each day and fell each night (Table 
5.8). The magnitude of the daily increase in total spore counts was 24%, 26% and 38% 
respectively over the three successive days; while spore counts declined by 30% and 
17% over the intervening nights (Table 5.8). The 10 most common species, which 
accounted for >85% of all spores collected, were selected for individual analysis: A. 
acuminata, A. crassa, Cl. aquatica, Cu. aquatica, Flagellospora sp. (Sp.33), L. 
cymbiformis, T. chaetocladium and unknown species Sp.20 and Sp.47. The number of 
spores of every one of these species also rose each day and fell each night (Table 5.8). 
The magnitude of the diurnal fluctuations varied between individual species. The species 
showing the greatest variations were Flagellospora Sp.33 ( + 18.5%, - 47%, +57%, -45% 
& +100.9%) and unknown Sp.20 (+38.8%, - 48.3%, +57.6%, -50.4% & +81.9%) 
(Table 5.9). 
Water temperature ranged from 9oc at 0600 h to 10.5°C at 1800 h each day. Water 
level and hence flow rate remained constant over the three days. 
5.3.3. An experiment usint: an artificial lit:ht rei:ime 
5.3.3.1. Materials and Methods 
To determine whether changes in spore counts could be brought about artificially by 
changing light levels, the following experiment was carried out at the source of a 
tributary of Lees Creek. This stream source was cleared of decaying vegetable matter for 
4 m downstream of the spring, and enlarged to form a pool 0.8 m wide and 50 mm deep. 
Then a heterogeneous mixture of decaying plant material, i.e. leaves, twigs, bark etc., 
was removed from the lower site on Lees Creek and transported to the source where it 
was placed into the first 1.5 m of the stream and held in place by wire mesh (mesh size 
lOmm by lOmm). Black plastic sheeting attached to a steel frame was suspended over 
the mesh to exclude light from the litter. The fungal population in the litter was allowed 
3 days to stabilize. Then on each of the following 3 days, at 14.00 h, the spora was 
sampled by membrane filtration, using 5 replicates each of 0.5 litre of water collected 2 
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m below the pool. The plastic cover was left in place until after sampling on the first day 
to keep the litter dark and then removed from the frame. After sampling on the second 
day which followed a period of light, the cover was restored. Sampling on the third day 
therefore followed a second extended period of dark. 
5.3.3.2. Results 
In the alternating light regime experiment there was no evidence of any fluctuations in 
spore counts. Total spore count declined over the three days from 1617 L-1to1083 L-1 
(Table 5.10). There was also an overall downward trend for the spore counts of 
individual species from the beginning to the end of the experiment. In all but one case, 
(L. cymbiformis) declines were linear. Water temperature was 11° Con each of the 
sampling occasions. 
Table 5.7. Spore concentrations of aquatic hyphomycetes 
over a twelve hour period. 
Fungi Mean no. of spores 1-1 over 
the following sampling times 
06.00 10.00 14.00 18.00 
Total of all 854 788 988 998 
spores A A B B 
Major species 
Alatospora 66 64 72 86 
acuminata no significant difference detected 
Clavariopsis 103 92 158 154 
aquatic a A A B B 
Lunulospora 91 77 96 100 
cymbiformis no significant difference detected 
Tricladium 60 51 75 80 
chaetocladium AB A B B 
Unknown 86 83 88 87 
sp. #8 no significant difference detected 
Unknown 69 52 61 113 
sp. #20 A A A B 
Unknown 113 119 120 119 
sp. #33 no significant difference detected 
Means with the same letter are not significantly different 
as compared by the Student Newman Kuels procedure (p>0.05). 
Table 5.8. Aquatic hyphomycete spore counts (mean no. L-1 ± S.E.M ) at early morning and early evening 
on three successive days. 
Fungi 25 October 1990 26 October 1990 27 October 1990 
0600 h 1800 h 0600 h 1800 h 0600 h 1800 h 
Total of all 1975.0 ± 78.1 2452.0 ± 98.9 1704.0 ± 37_5 2143.0 ± 93.9 1786-5 ± 58.2 2465.5 ±125. 7 
spores 
Major species 
A. acuminata 290.5 ± 12.9 336.0 ± 27.7 229.5 ± 11.1 262.5 ± 20.9 210.0 ± 9.4 271.5 ± 18.7 
A. crassa 165.0 ± 10.8 231.0 ± 10.3 223.0 ± 8.4 294.5 ± 22.4 284.5 ± 17.0 369.0 ± 25.7 
Cl. aquatica 298.5 ± 15.7 380.5 ± 13.1 231.0 ± 10.6 294.5 ± 17.3 239.5 ± 7.6 350.0 ± 23.2 
Cu. aquatica 52.5 ± 5.0 56.5 ± 6.2 43.5 ± 7.0 43.0 ± 4.9 37.0 ± 2.1 48.0 ± 4.6 
Flagellospora Sp.33 105.5 ± 5.4 125.5 ± 6.6 66.5 ± 6.8 104.5 ± 10.9 56.5 ± 5.1 113.5 ± 9.6 
L. cymbiformis 310.0 ± 20.4 407.5 ± 19.6 291.5 ± 10.6 379.5 ± 18.1 365.0 ± 18.5 475.0 ± 24.6 
T. chaetocladium 176.0 ± 13.5 236.0 ± 12.6 150.0 ± 5.9 179.5 ± 3.9 165.0 ± 14.6 215.5 ± 13.7 
Unknown Sp.8 75.5 ± 7.7 71.0 ± 10.4 52.5 ± 4.6 53.5 ± 3.9 49.5 ± 4.0 71.5 ± 6.3 
Unknown Sp.20 118.5 ± 8.4 164.5 ± 6.7 85.0 ± 4.9 134.0 ± 16.7 66.5 ± 7.5 121.0 ± 12.0 
Unknown Sp.47 117.0 ± 15.2 148.0 ± 10.2 108.0 ± 10.1 125.0 ± 10.6 90.0 ± 9.4 131.0 ± 16.4 
Table 5.9. Percentage change in aquatic hyphomycete spore counts over 
successive twelve hour periods. (calculated from data of Table 5.8). 
Fungi day night day night day 
Total of all +24.2* -30.5* +25.8* -16.6* +38.o· 
spores 
Major species 
A. acuminata +15.7 -31.7* +14.4 -20.0· +29.3* 
A. crassa +40.0· -3.5 +32.1· -3.4 +29.7" 
Cl. aquatica +27.5. -39.2· +27S -18.r +46.1· 
Cu. aquatica +7.6 -23.0 +1.1 -14.0 +29.7 
Flagellospora Sp.33 +18.5 -41.0· +57.1" -45.9. +100.9· 
L. cymbiformis +31.5. -28S +30.2· -3.8 +30.i· 
T. chaetocladium +34.1 • -36.4. +19.7 -8.1 +30.6. 
Unknown Sp.8 +6.0 -26.1 +1.9 -7.5 +44.4. 
Unknown Sp.20 +38.8. -48.3* +57.6* -50.4* +81.9" 
Unknown Sp.47 +26.5 -21.0· +19.0 -28.0 +45.6" 
• Change in count significant (Fishers LSD P<0.05) 
Table 5.10. Comparisons between hyphomycete spore counts over three successive 
'days' of an artificial alternating light/dark regime. 
Fungi 6 December 1990 7 December 1990 8 December 1990 
Dark Light Dark 
Mean S.E.M Mean S.E.M Mean S.E.M 
Total of all 1616.8(A) 60.1 1277.6(B) 51.0 1082.8(B) 85.1 
spores 
Major species 
A. acuminata 202.0(A) 14.9 149.6(B) 3.8 135.2(B) 12.2 
A. crassa 32.0(A) 3.7 20.8(A) 4.1 21.2(A) 3.7 
Cl. aquatica 136.4(A) 8.6 126.8(A) 7.7 108.8(A) 7.3 
Cu. aquatica 37.6(A) 1.6 37.2(A) 2.8 27.6(B) 2.5 
Flagellospora Sp.33 30.4(A) 2.9 26.8(A) 2.1 22.0(A) 3.9 
L. cymbif ormis 608.8(A) 52.8 394.0(B) 11.4 354.8(B) 28.6 
T. chaetocladium 277.2(A) 12.7 254.0(A) 12.6 166.8(B) 16.9 
Unknown Sp.8 16.8(A) 1.9 19.6(A) 2.1 15.2(A) 2.9 
Unknown Sp.20 100.0(A) 5.4 88.4(A) 8.8 76.4(A) 11.5 
Unknown Sp.47 28.0(A) 4.5 29.6(A) 1.6 26.8(A) 3.0 
In the comparisons between days along rows, means with the same letter are not 
significantly different as compared by the Student-Newman-Keuls procedure (P>0.05). 
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5.4. DISCUSSION 
5.4.1. Environmental factors 
Six of the eight variables measured showed recurring seasonal changes from year to 
year. Stream temperature, conductivity, total litterfall (Figure 5.1), eucalypt leaf fall and 
Acacia phyllode fall (Figure 3.2) were all high in summer and low in winter, and all of 
these showed significant (p<0.05) strong positive correlations with one another (Table 
5.2). Dissolved oxygen was highest in winter and lowest in summer (Figure 5.lc), and 
was significantly (p<0.05) inversely correlated with the other factors except in the case 
of A. melanoxylon phyllode fall (Table 5.2). 
Dissolved oxygen is inversely related to temperature for simple physical reasons of 
changing oxygen solubility at different temperatures. Leaf and phyllode fall is presumably 
controlled by either or both of temperature or day length. Seasonal changes in 
conductivity of the water may reflect the release of solutes from litter. pH and rainfall 
showed no clear seasonality (Figure 5.1 d&e), and these two factors are assumed to be 
independent of the other seasonally controlled group. 
5.4.2. Species richness 
There were no seasonal patterns in species richness of the stream spora, which was 
reasonably constant throughout the study (Figure 5.lg). The only environmental factor 
which showed a correlation with species richness was rainfall (Table 5.5), which 
significantly increased the number of species detected. This suggests that rain either 
washes spores of extra species into the stream from elsewhere (e.g. the stream bank, or 
gutters and runnels which only flow during rain), or enhances stream height and flow 
rate thus, mobilizing more species from stream and stream side litter. Laboratory 
experiments have also shown that an increase in flow can enhance spore release and 
further sporulation among some species of aquatic hyphomycetes (Sanders and Webster 
1980). Webster and Descals (1981) suggest the following explanations for this: increased 
turbulence resulting from higher flow causes increased branching of the conidiophores 
which produce more conidia, or that increased flow removes from the substratum 
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nutrients, which can induce vegetative rather than reproductive growth. If sporulation is 
enhanced amongst the normally less frequently detected species there would be a greater 
chance of them being detected via membrane filtration. 
5.4.3. Total spore concentration 
Total spore concentration showed a strong seasonal pattern of summer/autumn highs 
and winter/spring lows (Figure 5.lh). Total spore concentration is therefore, not 
suprisingly, significantly (p<0.05) correlated with all these environmental variables which 
show a seasonal pattern (temperature, conductivity, dissolved oxygen and the litterfall 
variables) (Table 5.5). The strongest correlations were with temperature, total litterfall 
and eucalypt leaf fall (Table 5.5). It is presumed that the most important of these is 
litterfall, rather than temperature per se. In other words the main peak of fungal spores is 
related to the availability of litter at that time. The fungal spore peaks tend to be 
displaced about one month later than the litter peaks (Figure lf&h), representing the 
time taken for fungi to invade the litter and reach peak spore output. However, not all 
the individual species follow the same seasonal pattern as the total spore peak. 
5.4.4. Seasonal patterns of occurrence of individual species 
Within the results sections, the contributions of individual species to the annual 
fluctuations in total fungal spora have been grouped accordingly to: (i) seasonal patterns 
of their absolute spore concentrations (Section 5.2.2.2.3b ); (ii) seasonal patterns of the 
relative proportions of spores which they represent (Section 5.2.2.2.3c); and (iii) 
patterns of correlation between spore abundance and environmental variables (Section 
5.2.2.3.). Not suprisingly comparisons among these separate groupings show that there 
are strong parallels between them (Table 5.11). These findings can be consolidated as 
done in the following sections. 
Table 5.11 Comparisons between groupings of species according to seasonal 
patterns and patterns of correlations with environmental variables. 
Grouping of species 
according to patterns 
of absolute spore 
numbers through season 
Group 1 
Flagellospora sp.33 
F. penicillioides 
L. curvula 
L. cymbiformis 
Group 2 
unknown sp.20 
T. elegans 
T. chaetocladium 
Group 3 
unknown sp.8 
Group 4 
unknown sp.47 
Cu. aquatica 
Group 5 
Cl. aquatica 
A. acuminata 
Group 6 
A. crassa 
Grouping of species 
according to patterns 
of proportions of spores 
through the season 
Group 3 
Flagellospora sp.33 
F. penicillioides 
L. curvula 
Group 1 
L. cymbiformis 
Group 4 
T. elegans 
T. chaetocladium 
unknown sp.8 
Group 2 
unknown sp.47 
Cl. aquatica 
A. acuminata 
Group 5 
A. crassa 
Grouping of species 
according to patterns 
of correlations with 
environmental variables 
Group IA 
Flagellospora sp.33 
F. penicillioides 
L. curvula 
L. cymbiformis 
unknown sp.20 
Group lB 
T. elegans 
T. chaetocladium 
unknown sp.8 
Group 3 
unknown sp.47 
Cu. aquatica 
Group 2 
Cl. aquatica 
A. acuminata 
A. crassa 
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5.4.4.1. Strongly seasonal species correlated with summer fall of eucalypt leaves 
Flagellospora sp.33, F. penicillioides, L. cymbiformis, L. curvula, and to a lesser extent 
unknown sp.20, all behave in similar ways. Spore counts of these fungi correlate with 
and are indeed mainly responsible for, the pronounced peaks in total spore 
concentrations which occur between December and April each year. Their spore counts 
showed the five highest positive correlations (R = 0.685 - 0.771) with total litter inputs 
(Table 5.6). 
Spore counts of Flagellospora and Lunulospora species, had the four highest positive 
correlations with eucalypt leaf litter input and water conductivity; unknown sp.20 was 
slightly behind in seventh and sixth places (Table 5.6). It seems likely that the absolute 
abundance of this group of species is mainly controlled by summer leaf litter inputs, 
especially from eucalypts. They also showed high positive correlations with water 
temperature, and thence high negative correlations with dissolved oxygen (Table 5.6). It 
is difficult, in the absence of other information, to assess to what extent this reflects a 
direct effect or importance of temperature per se which may be a factor in determining 
the extent of seasonal occurrences on litter types as detected in Chapter 4, or an indirect 
effect of temperature exerting some control over leaf fall. 
5.4.4.2. Seasonal species whose occurrence is correlated with both summer leaf 
litter input and rainfall 
T. elegans, T. chaetocladium and unknown sp.8 form a second group of species. These 
also tended to have peak counts of spores in the summer and low counts in the winter, 
but the pattern was not as regular as the first group. For example T. elegans and T. 
chaetocladium had high peaks in 1989, but very low peaks in 1988 (Figures 5.2d&e). 
Unknown sp.8 had high peaks in 1988 but not in 1989 (Figure 5.2g). Their correlations 
with total litter and eucalypt litter were lower than for the first group of fungi (Table 
5.6). Correlations with Acacia phyllodes were as high as those for eucalypt leaves (Table 
5.6). The thing that sets this second group apart is that they all showed a significant 
positive correlation with rainfall (Table 5.6). 
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During summer, in particular, spores of these species tended to peak a day or two after 
rain, suggesting that enhanced stream flow rate was dislodging additional spores into the 
water. Spore counts of these species showed just as high a correlation with temperature 
as those of Lunulospora and Flagellospora species, but the positive correlations with 
conductivity and negative correlations with dissolved oxygen were substantially less 
(Table 5.6). Possibly these correlations are reduced because the less predictable peaks of 
these three fungi gives periods of relatively low spore numbers during the season where 
conductivity is consistently high and dissolved oxygen is consistently low. 
5.4.4.3. Essentially aseasonal species but correlated with Acacia phyllodes 
Culicidiospora aquatica and unknown species number 47 fall into a third group. They 
lack any strong seasonal pattern, their spore numbers oscillating up and down in 
apparently random fashion, with highest peaks only about twice the concentration of the 
mean background (Figures 5.2h&i). 
For both fungi the highest correlation of spore counts was with fall of Acacia phyllodes 
(Table 5.6) which was highest in January/February, but also showed a substantial peak 
around September/October each year (Figure 3.1). There were low positive correlations 
with temperature, and in the case of sp.47 only, with total litter and eucalypt leaves 
(Table 5.6). 
5.4.4.4. Aseasonal species showing no correlation with litter inputs 
Alatospora acuminata and Clavariopsis aquatica complete a fourth group. Like Cu. 
aquatica and unknown sp.47 they showed no obvious seasonal pattern, with counts 
oscillating about a mean of 100 spores per litre throughout most of the study (Figures 
5.2j&k). Neither showed any correlation with any of the seasonal litter variables, or with 
temperature (Table 5.6). 
Cl. aquatica, had low positive correlation with rainfall, and while there was no 
significant correlation between A. acuminata spores and rainfall overall (Table 5.6), the 
three highest peak spore counts all coincided with recent high rains (compare Figure 5.2j 
with Figure 5.1 e ). Indeed, there was very close concordance between the timing of the 
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minor fluctuations of these two species and also Cu. aquatica. All three were 
consistently higher in 1989 than 1988. And it is possible to identify six coincidental 
peaks (Sept. 88, Jan. 89, Mar. 89, Nov. 89, Feb. 90 and Apr. 90 for all three fungi which 
are related to high rainfall. 
Because of their constant occurrence through the year, in terms of relative contribution 
to total spore numbers these two species were much more prominent in winter, when the 
leaf litter-correlated species were low. In seeking the common litter resource of this 
group, one should perhaps look among the more persistent food materials in the stream. 
5.4.4.5. Species more abundant in winter 
Anguillospora crassa was the sole member of the fifth group. Of all of the fungi 
investigated, this was the only one for which absolute abundance was higher in winter 
than in summer/autumn, as a consequence of peaks or raised levels around July each year 
(Figure 5.21). Abundance of A. crassa spores, except for a significant negative 
correlation with conductivity, and the highest negative correlation with temperature 
could only be related to rainfall - a positive correlation of 0.24 which is not significant 
but agrees with some coincidences between peak spore numbers and rainfall highs. 
Likely the answer to its predominantly winter peak lies with some unconsidered litter 
factor. 
5.4.5. Diurnal yariation 
5.4.5.1. Changes over twelve hours 
The increase in spore counts recorded from morning to afternoon on a single day does 
not appear to be related to either water temperature or stream flow, since these remained 
constant. Most of the spora collected early in the morning probably developed, and were 
released, in the dark. By the afternoon all the spores collected then would have been 
developed and released during the light of the day. Such short-term variation in aquatic 
hyphomycete spore concentrations does not appear to have been recorded previously, 
so it was followed up with a second study. 
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5.4.5.2. Changes over successive intervals of 12 hours. 
The subsequent 12 hourly monitoring of aquatic hyphomycete spores showed 
indisputable evidence of a consistent pattern of diurnal variation with a magnitude of 17 
to 50% of mean spore level. 
The unsuccessful attempt to demonstrate that changing levels of light are responsible for 
the diurnal variation in spore counts suggests that either: (i) the methods used were 
inadequate; or (ii) changing light levels play no part in spore production. The most 
obvious problem with the procedure used was the declining population of spores. 
Presumably either insufficient time was allowed for the fungal populations in the 
introduced litter to stabilize, or the litter itself was deteriorating as a food resource 
because of normal detrital breakdown processes in the stream. Nevertheless since the 
decline in spores over the experiment was approximately linear it would seem unlikely 
that the fungi were responding to changing light levels. 
If changing light levels are not directly responsible for diurnal variation in spore counts, 
two further possibilities can be suggested. Firstly the minor diurnal fluctuations in water 
temperature (l.50C) that occurred may be influencing spore production. The pure 
culture studies of Koske & Duncan (1974), Suberkropp (1984) and Webster, Moran & 
Davey (1976) have all shown that sporulation in aquatic hyphomycetes can be influenced 
by temperature. Using the growth rate versus temperature data for seven species of 
aquatic·hyphomycetes from Suberkropp (1984), the increase in growth rate between 
9oc and 10.soc ranged from 22% to 60% with a mean of 34%. If spore production 
were to be directly equated with mycelial growth, the changes detected in spore 
production from morning to evening in the observational study, could conceivably be 
accounted for by corresponding temperature changes. However, no one has tested such 
small temperature differences as occurred in Lees Creek or used a regularly repeated 
pattern of temperature variation in any experimental study. Moreover, the initial study 
found changes in spore counts without a corresponding temperature change. This 
discrepancy between studies with respect to the temperature regime of Lees Creek 
probably results from higher air temperatures and lower streamflow conditions existing 
during the later study than occurred in the initial study. 
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A further possibility to explain the diurnal variation in spore counts may be indirect 
effects of diurnal fluctuations in aquatic macroinvertebrate behaviour. Photoperiod is 
known to influence some types of aquatic macroinvertebrate behaviour e.g. drift 
(Brittain & Eikeland 1988) and possibly general levels of activity (pers. obs.). Given that 
some species of invertebrates selectively feed on leaves colonized by aquatic 
hyphomycetes or on the mycelium alone (Barlocher & Kendrik 1981), then if 
invertebrates feed more actively at night it is conceivable that the spores available for 
release by aquatic hyphomycetes may in turn be influenced by invertebrates. Whatever 
the reason for diurnal variation, it appears to be more complex than initially envisaged, 
and thus for the present, the mechanism behind the diurnal variation remains obscure. 
The magnitude of the diurnal effects described above are considered to be not significant 
enough to have any major influence on the pattern of variation in seasonal spore 
concentrations discussed in the earlier sections. Because the occurrence of diurnal 
variation was detected in the pilot study before the seasonal sampling study. Thus 
sampling of the stream spora for the seasonal study was carried out at the same time+/-
one hour on each sampling occasion. 
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CHAPTER 6 
SPATIAL VARIATION IN SPORE CONCENTRATIONS 
ALONG SECTIONS OF LEES CREEK 
6.1. INTRODUCTION 
The previous chapter detailed changes in spore concentrations over time, for a particular 
site along Lees Creek. A proper understanding of the dynamics of hyphomycete spore 
populations also requires knowledge of changes in spore populations along a waterway, 
since spores released at one point may be carried some distance downstream to 
contribute to spore populations elsewhere. To assess variation in spore concentrations 
along Lees Creek, four observational studies were undertaken. 
The first two studies described in Sections 6.2 and 6.3, measured changes in spore 
concentrations in two headwaters of Lees Creek, for several hundred metres down from 
the springs which formed the source. 
The third study, Section 6.4, involved sampling the fungal spora before and after a 
debris dam, to test whether the large quantity of litter represented by the accumulation of 
twigs, bark and leaves had a detectable effect on spore numbers. 
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The fourth study, Section 6.5, sampled the fungal spora for several kilometres along a 
major section of the middle and lower reaches of Lees Creek (Sites 1 to 6; CHAPTER 
2). Through much of this traverse, the stream flowed through native riparian vegetation 
with constant structure and species composition. Lower down this was replaced with 
exotic vegetation resulting from plantations of radiata pine. 
Sections 6.6 and 6.7 describe some theoretical studies. It is evident that samples of 
spores taken at any point along a stream, must include the survivors of spores added to 
water over an indeterminate distance upstream from the point of sampling. Thus spore 
concentrations in a section of stream may not be particularly representative of the 
prevailing conditions at the sampling site. Because no publications on aquatic 
hyphomycetes were available to guide interpretation of data from sequential samples in 
dynamic terms, a simple computer model of spore inputs and losses was constructed. 
The aim of the model was to help clarify the way in which spore populations might 
behave in an idealized stream. Construction and gaming of this model is described in 
Section 6.6, together with an emergent system of graphical analysis which might be 
useful in assessing spore additions and losses in suitable waterways. Section 6.7 applies 
this understanding to interpret data from a section of Lees Creek. 
The findings are drawn together in Section 6.8. 
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6.2. VARIATION IN SPORE COUNTS AT LEES SPRINGS. 
6.2.1. Materials and Methods 
6.2.1.1. Description of the stream. 
This tributary emerges at two points from small permanent springs, arranged in an arc on 
moderately sloping ground amongst a heavy growth of sedges, ferns and tea-trees 
(Leptospermum sp. below an open canopy of alpine woodland comprising Eucalyptus 
paucifiora and E. dalrympleana.). The water then flows as a thin sheet through the ferns 
and tea-trees, until at nine metres from the sources it concentrates into a single channel. 
At twelve metres, the stream enters a sloping reed-bed which also contains some ferns. 
A further eight metres on, the stream enters a pond, which is approximately five metres 
in diameter. The stream emerges from the pond and flows, at a width of less than 250 
mm, through some more reeds and a few ferns for a further 20 metres and then through 
dense ferns for another 5 metres. For the next 130 metres the stream flows through a 
gap in the forest resulting from clearance under a high tension power line. Thickets of 
blackberries (which appeared to have been sprayed within the previous six months) have 
invaded that section, and together with a scattering of tea-trees and an occasional 
A. melanoxylon formed the stream side vegetation. The stream width never exceeded 0.5 
metres. At 185 metres from the source the stream disappeared into the ground, and then 
re-emerged 87 metres further on. Where the stream re-emerged the vegetation consisted 
of an overstorey of E. paucifiora and A. melanoxylon. Here the stream zig-zagged over 
sloping ground for seven metres, and then through a broad seepage area for a further six 
metres, before emerging as a series of cascades, which were also enclosed in a dense 
thicke.t of blackberries. A further seven metres on, the stream plunged into a steep, 
relatively impenetrable, gully filled with natural bush. 
6.2.1.2. Sampling the stream 
Fungal conidia were extracted using the membrane filtration technique (after Iqbal & 
Webster 1973; as described in Section 4.3.1.3. and 4.3.1.4.) from two or three separate 
250 ml water samples at the following points along the stream: (i) at the stream source; 
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(ii) nine metres from the source; (iii) before the pond, at twenty metres from the source; 
(iv) after the pond, at 27 metres from the source; (v) at the end of a reed-bed 46 metres 
from the source; (vi) 96 metres from the source; (vii) 130 metres from the source; (viii) 
180 metres from the source; (ix) at the point where the stream re-emerged at 272 metres 
from original source, then again at points a further seven (x), thirteen (xi) and twenty 
metres (xii) downstream from the point of emergence. Exact distances of these thirteen 
sampling points from the source were measured with a tape measure. 
6.2.2. Results 
6.2.2.1. Species richness. 
The mean number of species increased sharply from the stream source (2.5 species per 
250 ml) to where the stream entered the reed-bed, 27 m downstream (13 species per 250 
ml). Along the next 160 metres of stream, the mean number of species increased slightly 
to 16 per 250 ml at the last sampling point before the stream re-entered the ground 
(Figure 6. la). After this point the loss rate of spores and species from the stream is 
subject to conjecture, but has been assumed to be 100% by the time the stream re-
emerged 87 metres further on. When the stream re- emerged a mean of three species 
were recorded per sample, rising to 18 per sample when the stream had travelled a 
further 7 m. The mean number of species had reached 19 per sample at the last sampling 
point a further 13 metres down stream (Figure 6.la). 
6.2.2.2. Total number of spores 
The mean concentration of spores increased from ten per litre at the stream source to 
240 spores per litre when the stream entered the reed-bed, 27 m downstream. 
Thereafter, the spore count rose gradually to 550 L-1, by 160 metres down stream, just 
before entering the ground (Figure 6.lb). When the stream re-emerged, 10 sporesL-1 
were recorded at the second "source". In the next seven metres the spore count rose 
rapidly to 560 L- 1, before the water entered the seepage area where counts declined, 
only to rise again slightly at the last sampling point. 
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6.2.2.3. Individual species 
The six species with the highest overall spore concentrations were selected for graphing 
against distance down stream (Figure 6.1 c - h). These species together accounted for 
61 % of all spores collected and are listed here in order of decreasing abundance: 
Flagellospora sp.33, 14.8%; unknown sp.47, 14.2%; Tricladium chaetocladium, 12.2%, 
unknown sp.8, 9.8%; unknown sp.18, 6.3% and A. tetracladia accounting for 3.6%. 
Two of these six species, Flagellospora sp.33 and unknown sp.18, were detected as low 
concentrations of spores at the source. Two more appeared within the first nine metres 
(T. chaetocladium and A. tetracladium). Unknown sp.47 was first detected at 20 m from 
the source, and unknown sp.8 did not appear until after the stream had passed through 
the reed bed at 47 m from the source. 
Of those six species, unknown sp.8, T. chaetocladium and Flagellospora sp.33 were 
most alike in their pattern of change in spore concentration downstream from the source 
(Figures 6. lc,d&e ). Following low concentrations near the start, T. chaetocladium and 
Flagellospora sp.33 concentrations appeared to be boosted by passage through the 
pond, and unknown sp.8 by passage through the reed bed. Then all three showed a 
progressive increase in spore concentration until 130 m downstream from the source 
where each registered 80 - 100 spores L-1, then declined between 130 and 180 m to 
around 50 spores L-1 before the stream disappeared from sight. Concentrations of each 
of these fungi rapidly increased again within seven metres of the stream's re-emergence 
at the secondary source. 
In contrast to the above three species, spores of unknown sp.47 were first detected at 20 
m and concentrations remained low for the next 110 metres of stream flow and then rose 
abruptly (from 40 to 220 L-1) shortly before the stream entered the ground. After the 
stream re-emerged, spore concentrations rose again but to nowhere near the peak value 
at 130m (Figure 6.lf). 
Concentrations of spores of sp.18 were never very high between the stream source and 
its disappearance (maximum concentration 20 L-1 immediately after the reed bed), but 
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there was a very high peak of spores at seven metres after the point where the stream re-
emerged (Figure 6. lg). 
The pattern for A. tetracladia was different again. Spore concentrations peaked at 35 
spores L-1 immediately after passage through the pond, then declined to around 10 
spores L-1 within another 20 metres. No spores of this species were present at 180 m 
from the source. Fluctuating counts were recorded after the stream reappeared at the 
secondary source (Figure 6. lh). 
"' Q,) 
·u 
& 
"' ._ 
0 
Figure 6.1 Changes in the aquatic hyphomycete spora in the headwaters of Lees Springs: 
variation along the first 300 m 
20 a) number of species 
. ·' 
~ 15 0.. + ·+··············-t 
..
... 
: ¥ 
... ] ~ § .::; 
1 .... ········ ••••••••••• I 1.... : 
.f • 
N ~ 
. 
. 
: 
: 
i:: s 10 :r • . . . . 
. 
. 
. 
. 
. 
'"" a.i 
vi 
t\, 
~ 
Q,) 
::E 
0 
"' ('I 
... 5 Q,) 
0.. 
0 
600 
500 
400 
300 
200 
100 
. . 
. . 
. . 
. . 
. . , . 
. . 
: : 
. : 
r···+·············· 
: 
.··/IJ 
. 
: 
b) total number of spores 
....... ., 
....... . J........ ! 
··T I .. . 
.. . 
.. . 
+··· . 
: 
. 
: 
. 
' 
. 
: 
t 
.. 
.. 
.. 
.. : ~ , 
. . . 
... 
. . . 
. . . 
: ' 
f 
. 
: 
. 
. 
. 
. 
... · o...._~~~~~~~~~~~~~~~~~~--"~-~--~-~--~-~--~-~--~--~-~--~-~--~-~--~-~--1...~~-
120 
c) unknown sp.8 
100 
.... ,.+~ ............ 1 
. ·1 t .. ···· . ........... : 
--~·····- ~ 
80 
60 
40 
20 
, 
; 
J1 
. 
. 
. 
. 
: 
. 
. 
. ..... . O~:s..::.'!.'1!:%...~-.-~~~~~~~~~~~~~.z.:.:··~··~·~··~··~·~··~··~·~··~··~·~··~·~··~·--~~ 
100 
80 
60 
40 
20 
0 50 
d) Tricladium chaetocladium 
100 150 200 250 
Distance along stream from source (m) 
! 
.. 
.. 
: ~ , 
... 
• • 
J 
. 
. 
. 
. 
: 
300 
Figure 6.1 continued 
120 
100 j ......... +. ......  .. · ... 
..... · .. , . 
. -·· · .. , ~ !"····-.····· l . . 
e) Flagellospora sp.33 
80 
60 
40 
. . 
. . 
. . 
. . 
A : , . 20 
~. . . . 
. . . 
: ti 
. 
. 
. 
. 
. 
. 
. -~ ~ 0.,,_~~~~-.-~~~~~~~~~~~~~.r..:.·~··T··~·=··=··=·=··~·=··=··~·T··=··=·=·~~--r 
250 
200 
150 
100 
50 
.A 
. . 
:·· : 
. . 
. . 
.. · : 
. . 
f) unknown sp.47 
. . 
... : 
. . 
. . 
.:· : 
. . 
................. : 
............................. : 
o.,.o.:;..:,._•_•_ .. ~~~~.-~~~~~~-r-~~~~~~..,.~~~~~-·-·-··,·-·-·-·-·-·-·-··-·-·-·-·-·-·-··r·-·-·-·-·~~~~-r 
150 
g) unknown sp.18 
100 
50 
t 
.. 
.. 
.. 
.. 
. . 
. . 
. . 
. . 
. . 
.. 
. . 
.. 
. . 
.. 
. . 
. . : .... 
. 
. 
. 
.............. ·t··············-+·········-.................. . ....................... . 0 ,_~~~~~-.-~~~~--.~~~~~-r-~~~~~~~~-------'r""=-'-"--~~-.-
40 
30 
20 
10 
~ 
: ~ 
.. 
. . 
. . 
. . 
. . 
. . 
. . 
h) Articulospora tetracladia 
. . ' i \ "' ~ : : ~ ....... ,,.... :~ : 
1: \ ..................... ··· ·······... .! \ ! 
.... •• ' ~= 
.... • ··.. , .. 0-r~~~~~~~~~--.~~~~--..~~-"'=-=·=··~·=··=··=·=··=·=··=··=·=··~··=·=··=·"'--"'~~ 
0 50 100 150 200 250 300 
Distance along stream from source (m) 
6.3. VARIATION IN SPORE COUNTS IN THE HEADWATERS OF A 
TRIBUTARY OF LEES CREEK. 
6.3.1. Materials and Methods 
6.3.1.1. Description of the stream. 
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A second major tributary arises in natural bushland several kilometers south of Lees 
Springs. This stream forms in the drainage line of a moderately steep gully; the position 
along the gully where the stream emerges from the ground being influenced by the 
frequency and amount of rainfall in the area. At the time of sampling the stream emerged 
from a incised section of ground surrounded by dense fern and sedge growth. Fifty 
metres from the source the stream divided into three channels which recombined seventy 
meters later. After this point the stream often flowed through a series of small cascades 
in steep gradients. In regions of low gradient the stream became braided, only to 
recombine in steeper sections. Except where braiding of the channel occurred, stream 
width was about 0.5 metres. 
Vegetation over the stream at ground level was mainly sedges and ferns. Where the 
incision caused by the stream was shallow the ferns and sedges were in direct contact 
with the stream water. This occurred over approximately half of the length of stream 
sampled. The understorey was dominated by A. melanoxylon with occasional tree ferns 
(Dicksonia antarctica) also present. E. dalrympleana formed the overstorey canopy. 
6.3.1.2. Sampling the stream 
Fungal conidia were extracted using the membrane filtration technique (after Iqbal & 
Webster 1973; as described in Sections 4.3.1.3. and 4.3.1.4.) from two or three separate 
500 ml water samples on the third of November 1989 at the following distances from the 
source: (i) 0 m; (ii) 13 m; (iii) 50 m; (iv) 133 m; (v) 210 m; (vi) 312 m; (vii) 465 m; and 
(viii) 643 m. Exact distances from the source of these thirteen sampling points were 
measured with a tape measure. 
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6.3.2. Results 
6.3.2.1. Species richness 
The mean number of species increased sharply from the stream source (3.5 species per 
500 ml) to 50 m downstream (13 species) and then gradually over the next 160 m 
downstream (17 species). The mean number of species then varied from 15 to 18 species 
per 500 ml over the remaining length of the stream (Figure 6.2a). 
6.3.2.2. Total number of spores 
The mean concentration of spores increased from 30 L- l at the stream source to 165 
spores L-1 over the first 13 m of the stream. Thereafter the spore concentration 
fluctuated around 150 spores L-1 until 300 metres below the source (Figure 6.2b ). Spore 
concentrations then rose gradually to 290 spores L-1 at the last sampling point, 650 m 
downstream (Figure 6.2b ). 
6.3.2.3. Individual species 
The six species with the highest overall spore concentrations were selected for graphing 
against distance down stream (Figure 6.2 c - h). These species together accounted for 
69% of all spores collected and are listed here in order of decreasing abundance: A. 
crassa, 25.2%; unknown sp.47, 15.5%; Cl. aquatica, 11.1 %; T. chaetocladium, 10%; L. 
cymbiformis, 4.8% and T. elegans accounting for 2.5%. 
Two of these six species were detected at the source. Unknown sp.47 was present in 
relatively high spore numbers (21 L-1 ); L. cymbiformis had very low spore numbers ( 1 
L-l ). Three more species, A. crassa, Cl. aquatica and T. chaetocladium, first appeared 
in the 13 metre sample. Tetrachaetum elegans was not detected until 133 metres along 
the stream (Figure 6.2). 
Spore concentrations of unknown sp.47 remained relatively constant over the 650 metre 
sampling transect, fluctuating between 20 - 30 spores L-1 throughout (Figure 6.2c ). 
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Clavariopsis aquatica and T. elegans increased progressively from low spore numbers 
near the source, until the last site where they reached 50 and 13 spores L-1 respectively 
(Figure 6.2 d & f). 
Anguillospora crassa spore numbers peaked at (120 L-1) at just 13 metres from the 
source, then declined abruptly at 50 metres. Between 50 metres and 312 metres their 
concentration gradually declined; thereafter it rose again (Figure 6.2e). 
Spore concentrations of L. cymbiformis and T. chaetocladium rose over the first 200 
metres then declined significantly, before rising again to record their highest numbers at 
the last site (20 & 40 spores L-1 respectively) (Figure 6.2 g & h). 
Except for unknown sp.47, all other species more than doubled their spore 
concentrations over the last 300 m of stream sampled. There appeared to be a linear 
increase in spore concentrations for Cl. aquatica, A. crassa, T. elegans and T. 
chaetocladium from 300 to 650 m downstream (Figure 6.2). 
Figure 6.2 Changes in the aquatic hyphomycete spora in the headwaters of Tributary 2: 
variation along the first 650 m 
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6.4. THE INFLUENCE OF A DEBRIS DAM ON AQUATIC HYPHOMYCETE 
SPORE CONCENTRATIONS. 
6.4.1. Materials and Methods 
6.4.1.1 Location of sampling site. 
During 1988 and early 1989, a natural debris damjammed the main section of Lees 
Creek for 5 metres immediately upstream of site 4. To ascertain whether this had any 
influence on the stream spora, spore concentrations were measured immediately above 
and below this dam. 
6.4.1.2. Sampling the stream 
Fungal conidia were extracted using the membrane filtration technique (after Iqbal & 
Webster 1973; as described in Sections 4.3.1.3. and 4.3.1.4.) from five separate water 
samples taken above and below the debris dam on 01 Dec. 1988 and again on 10 Mar. 
1989. 
6.4.1.3. Data analysis. 
For comparisons of spore concentrations on each side of the debris dam, Student's t tests 
were used after confirmation of homogeneity of variances by F tests. 
6.4.2. Results 
Total spore counts and spore counts of the fourteen most commonly detected species 
above and below the debris dam are listed in Table 6.1. No significant difference was 
found between total spore counts above and below the debris dam at either sampling 
time (Table 6.1). Of the fourteen species examined on 01 Dec., seven increased in 
concentration, though only three, F. penicillioides, T. chaetocladium and unknown 
sp.20, increased significantly (p<0.05). The increase in spores from A. acuminata was 
significant (p<0.10). The remaining species fell during traverse the dam on 01 Dec., 
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although only L. cymbiformis and unknown sp.8 fell significantly (p<0.10) (Table 6.1 ). 
On 10 Mar. the only change in spore concentrations across the dam that was significant 
(p<0.05) was the increase in spores of T. chaetocladium. While seven other species also 
appeared to increase after the dam, these increases were not significant (p>0.1). The 
spore concentrations of A. crassa, L. cymbiformis and unknown sp.20 were identical 
either side of the dam. The fall in spore concentration of three species across the dam 
was not significant (p>0.1) 
Of the species that changed in concentration when passing the dam, only T. 
chaetocladium spores increased significantly (p<0.05, by 30 to 40 %) on both occasions 
(Table 6.1). 
Table 6.1 Concentration of spores of aquatic hyphomycetes above and below a debris dam 
01. xii. 88 10. iii. 89 
(Mean no. of spores L -1) (Mean no. of spores L-1) 
Above Below t Above Below 
Alatospora 158 190 2.0699* 142 125 0.8664 
acuminata 
Anguillospora 87 85 0.1803 60 60 0.0000 
crassa 
Anguillospora 34 38 0.5708 62 82 1.3373 
filiformis 
Clavariopsis 243 238 0.2556 173 189 1.0335 
aquatic a 
Clavatospora 27 16 1.6330 91 95 0.4394 
longibrachiata 
Flagellospora 54 70 2.7472** 639 575 1.1369 
penicillioides 
Flagellospora 152 131 1.5241 240 254 0.3642 
sp.33 
Lunulospora 262 265 0.0884 1149 1209 0.9523 
curvula 
Lunulospora 913 837 2.1913* 2598 2598 0.0000 
cymbiformis 
Tetrachaetum 6 10 1.4122 41 39 0.2057 
elegans 
Tricladium 115 146 2.6222** 178 250 3.3186** 
chaetocladium 
Unknown 66 40 1.9669* 132 165 1.3124 
sp.8 
Unknown 50 87 2.4329** 78 78 0.0000 
sp.20 
Unknown 66 52 1.5922 52 54 0.2051 
sp.47 
Totals of all 2460 2436 0.2483 6050 6180 0.3895 
spores collected 
(p 0<0.1 * p 0<0.05 **) 
6.5.2. Results 
6.5.2.1 Physical and chemical characteristics of the middle to lower reaches of 
Lees Creek 
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Water temperature, pH and conductivity increased progressively downstream while 
oxygen concentration fell. Conductivity was consistently low throughout and the water 
was slightly acidic (Table 6.2). 
6.5.2.2. Species richness 
The mean number of species per 250ml sample rose sharply between Site 1 and Site 2, 
then increased more gradually at each site progressively downstream until Site 4 (Figure 
6.3a), to give a total increase from 26 to 35 species. Between Sites 4 and 6 the number 
of species remained the same (Figure 6.3a). The mean number of species at each site has 
to be regarded as approximate, because of the difficulty in assigning some of the filiform 
spores to species on the basis of spore shape alone. For this reason no statistical tests 
were applied to these data. 
6.5.2.3. Total number of spores 
The total spore count increased progressively downstream until Site 5, rising from 882 
L-l at Site 1to3669 L-l at Site 5 (Figure 6.3b). However, between Sites 5 and 6, total 
spore count fell to 237 5 L- l. All sites were significantly different from each other in 
terms of total spore counts. (F = 92.43; df = 6, 28; p<0.0001 Table 6.3). 
6.5.2.4. Individual species 
The fourteen most common species, all of which could be reliably distinguished, 
accounted for greater than 85 % of all spores counted at each site (Table 6.3). The 
change in spore concentrations along the stream has been graphed for the six most 
abundant of those species as follows: L. cymbiformis, L. curvula, Cl. aquatica, 
Flagellospora sp.33, T. chaetocladium and A. acuminata (Figures 6.3 c - h). 
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Spore counts of all species often differed significantly (p<0.05) between sites (Table 
6.3). Spore concentrations of eleven of the fourteen species increased downstream until 
Site 5. The exceptions were: T. elegans with higher counts at sites 1 & 2 falling 
thereafter; C. longibrachiata which was constant until Site 5; and Cl. aquatica which 
increased until Site 4 and then remained at the same concentration until after Site 5. 
Between Sites 5 and 6, spore concentrations of ten species fell significantly (p<0.05). 
The only significant increases involved A. acuminata, A.filiformis, F. penicillioides, 
while T. elegans remained constant (Table 6.3). 
For the six species graphed, the largest increment (number/distance) in spore 
concentrations occurred between Site 1 and Site 2 (Figure 6.3c - h). The pattern of 
occurrence for L. curvula and L. cymbiformis closely resembled the pattern of 
occurrence of total spores to which they contributed 40% (Figure 6.3b, c & d). 
Flagellospora sp.33 and T. chaetocladium had similar patterns of spore concentration, 
both showing major increases between Sites 1 & 2 and Sites 4 & 5. Clavariopsis 
aquatica in contrast showed greatest increase between Sites 1 & 3 (Figure 6.3e). All of 
the above declined markedly between Sites 5 & 6. Alatospora acuminata had the most 
different pattern, with modest increases up to Site 4, then a marked increase between 
Sites 5 & 6 (Figure 6.3h). 
Table 6.2 Physical and chemical variables, and mean number of species of 
aquatic hyphomycetes recorded for six sites along Lees Creek 
Site 
1 2 3 4 5 6 
Distance from Site 1 (km) 0.0 0.05 1.2 2.5 3.9 8.0 
Temperature (C') 10.25 10.60 11.66 12.90 14.37 15.51 
pH 6.42 6.32 6.58 6.63 6.69 6.90 
conductivity (us.cm-1) 31.0 34.0 36.0 41.0 44.0 49.0 
dissolved oxygen (mgJ-1) 9.27 9.26 9.37 9.20 8.57 7.70 
Mean number of species 25.6 29.0 32.0 35.0 34.6 34.6 
Table 6.3 Spore concentrations of aquatic hyphomycetes at six sites 
along Lees Creek. 
Mean number of spores L·1• 
2 3 4 5 6 
Alatospora 63 99 175 190 206 531 
acuminata A A A A A B 
Anguillospora 14 41 58 85 126 37 
crass a A AB AB BC c AB 
Anguillospora 2 17 50 38 84 103 
filiformis A A B B c c 
C lavariopsis 73 115 199 238 238 104 
aquatic a A A B B B A 
C lavatospora 22 24 20 16 57 34 
longibrachiata A A A AB A A 
Flagellospora 12 14 28 70 147 144 
penicillioides A A A B c c 
Flagellospora 58 114 186 131 255 75 
sp. 33 A BC D c E AB 
Lunulospora 5 13 57 265 394 222 
curvula A A B c D E 
Lunulospora 328 370 663 837 1437 598 
cymbiformis A A B c D B 
Tetrachaetum 30 30 15 10 6 8 
elegans A A B B B B 
Tricladium 80 98 114 146 198 142 
chaetocladium A A AB B c B 
Unknown 32 62 87 40 121 27 
sp. 8 A B c AB D A 
Unknown 24 32 50 87 54 22 
sp. 20 A A B c B A 
Unknown 25 33 38 52 67 51 
sp. 47 A A AB AB B AB 
Total spores (%) 86.7 89.7 90.7 90.5 92.4 88.4 
accounted for by the 
above species 
Totals of all 882 1182 1928 2437 3669 2375 
spores collected A B c D E F 
Within each row, means with different letters are significantly different 
as compared by the Student Newman Kuels procedure (p>0.05). 
Figure 6.3 Changes in the aquatic hyphomycete spora along the middle and lower reaches of Lees 
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6.6. A DYNAMIC MODEL OF CHANGES IN FUNGAL SPORA DOWN AN 
IDEALIZED STREAM 
6.6.1. Develooment of the model 
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This section describes the basis of a model of changes in fungal spora along a stream. 
The model is constructed around an idealized stream assumed to have a constant flow 
rate, homogeneous bed and unchanging physical and chemical conditions. The model 
focusses on a population of spores in a body of water as it moves downstream, and 
incorporates simple rules determining additions and losses of spores to and from that 
population at short intervals down the stream. Any sequence of results obtained may be 
regarded either as a time sequence of changing spore numbers for that particular body of 
water, or as a spatial sequence showing abundance of spores along the stream at a given 
time. 
Loss of spores is conceived to be a geometric process, with each spore deemed to have a 
constant probability of being lost by sedimentation or impaction during each calculation 
interval. The basis of this assumption is from Ward (1975) who followed the fate of 
zooplankton released from a dam into a stream. He found that 55% of zooplankton 
remained after 2.5 km, 36 % after 5 km, and 17 % remained after 8.5 km. If these values 
(including 100 % at the start) are plotted as log2 values against distance, the points fit a 
straight line, showing that the decline follows a typical decay curve with a half-life of 
approximately 3 km. 
Addition of spores was conceived, conversely, to be an arithmetical process, with a 
constant number of spores of each species being added during each interval. This is 
consistent with the assumption of a turbulent, well mixed stream with an even 
distribution of substrata supporting a constant turnover of fungal growth and 
sporulation. 
The consequent model can be represented: 
S2 = S 1 e(loge0.5)L/H + IL ......... (i) 
where: S2 = Concentration of spores at present location (no. L- l) 
S 1 = Concentration of spores at the upstream location (no. L- l) 
L = Length of stream interval between locations (km) 
H = Half life of spores (km) 
I = Spore increment rate (no. L-l km-1) 
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This equation was programmed in BASIC as an iterative continuous systems model, with 
provision for putting in different values at the start of each simulation run, and for 
selecting calculation and output intervals. 
6.6.2. Gamini: the model 
The model was gamed (Figure 6.4; Table 6.4), starting with concentrations of either 0 or 
1000 spores L-1, setting half-lives of spores within the range 0.5 to 4 km, and assigning 
spore increment rates within the range 50 to 10,000 km-1. A calculation interval of 1 m 
was selected, with outputs at 10 m or 100 m intervals. 
Effect of different half lives with no spore increments - Figure 6.4a shows simulations of 
declining spore populations for three spore types having different half- lives. All spore 
populations commenced at 1000 L- l, but there were no increments of spores along the 
way. This simulation may mirror the situation where existing populations of spores, 
entering from a side stream, in which they had built up, thereafter receive no further 
additions of spores within the main stream. It can be seen from the graphs (Figure 6.4a) 
that populations of all three spore types undergo an exponential decline, but the curves 
differ depending on the half lives of the spores. Those spores with the shortest half life 
have the steepest slope, and those with the longest half life have the shallowest slope. 
Effect of differing half lives with standard increment rates - Figure 6.4b shows 
simulated changes in populations of the same three spore types as Figure 6.4a (i.e. half 
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lives 0.5 km; 1.0 km and 2.0 km), when each population is incremented by spore 
additions at the same rate of 300 spores L-1 km- I. Initial spore populations were set at 
zero, so this simulation might mirror, in an elementary way, what happens downstream 
from the sources of streams. The graphs show (Figure 6.4b) that spore numbers increase 
rapidly at first, then more slowly, as progressively increasing losses begin to catch up 
with additions. Eventually a dynamic equilibrium is achieved at a level where losses 
exactly match increments. From Figure 6.4b it can be seen that the highest equilibrium 
levels are achieved by spores with the longest half- life. Also, the longer the half-life, the 
longer it takes to reach equilibrium. 
Effect of differing increment rates with constant half lives - Figure 6.4c shows another 
simulation which might mirror events near the source of a stream. Again initial spore 
populations are set to zero, but this time the three populations differ in spore increment 
rates, while all have the same half life (1 km). Again, all populations rose rapidly at first, 
then more slowly, and achieved dynamic equilibria when spore additions and losses just 
matched. In this case all populations took the same time to reach equilibrium, and actual 
equilibrium levels reflected differences in increment rates, those spores with the highest 
increment rates achieving the highest equlibrium levels. 
Effect of differing increment rates on a declining spore populations - Figure 6.4d shows 
a simulation where, like Figure 6.4c, different spore populations have different increment 
rates but the same half lives. In this case, however, the spore populations were initially 
high, as if they have emerged from a section of stream with high spore inputs, then 
decline, as if the water was now flowing through an impoverished section of stream with 
low spore inputs. Because there are still some inputs of spores, the curves eventually 
flatten out to equilibrium levels, determined by the balance of spore inputs versus losses. 
Overall the graphs in Figure 6.4d differ from those in Figure 6.4c in that the equilibrium 
levels are approached from above, instead of from below. 
6.6.3. Emercent relationships 
The first set of simulations (Figure 6.4a) merely shows that the model provides for the 
intended exponential decay of spore populations when there are no further spore inputs. 
But the other three sets of simulations (Figure 6.4b, c & d) show emergent features of 
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the model. 
Firstly, it is evident that, given constant rates, arithmetic additions of spores and 
geometrical losses of spores interact to give an equilibrium spore concentration. Such 
equilibria are possible over a considerable range of input values, e.g. for spores with half 
lives from 0.5 to 2.0 km, and with increment rates from 50 to 600 per km (Figures 6.4b, 
c &d). 
Secondly, the actual equilibrium levels arrived at, are independent of the starting 
concentrations of spores. Thus, comparing Figures 6.4c & d, the same equilibrium spore 
concentration (290 spores L- l) was reached by spores having 1 km half lives and 
increment rates of 200 km-1, although one population started at zero spores (Figure 
6.4c) and one population started from 1000 spores L- l. Thus, equlibrium levels are 
determined solely by the rate factors describing recurrent inputs and losses. 
Thirdly, the equlibrium concentrations of spores are directly proportional to both spore 
half life (Figure 6.4b) and spore increment rates (Figures 6.4c & d), such that a doubling 
of either leads to a doubling of the equilibrium spore concentration. The equilibrium 
spore concentration SE can be calculated directly from a knowledge of spore half life H 
and spore increment rate I, using the following equation 
SE= IH/(-loge0.5) ............... (ii) 
Table 6.4 shows equilibrium spore concentrations for a range of different half-lives and 
increment rates derived by using either this equation or the iterative modelling 
procedure. 
Fourthly, the distance taken for an equilibrium to be arrived at is related to the half life of 
the spores released into the stream, but independent of the increment rate. Thus all the 
graphs in Figures 6.4c & d, where spores had different increment rates but the same half 
lives (1 km), came to an equilibrium at the same position. Whereas the graphs in Figure 
6.4a, of spores with the same increment rates but different half lives, took different 
distances to equilibrate. For spore populations starting off from zero (Figures 6.4 b & c), 
half the final equilibrium spore concentration was achieved in a distance equal to one half 
life of the spores. 
Figure 6.4 
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Table 6.4 Equlibrium populations for various values of spore 
increment rate and spore half-life. 
Increment Equilibrium spore concentrations (no. 1·1) 
rate (I) for following spore half-lives (km) 
(no. 1·1 kffi·1) 
0.5 1.0 1.5 2.0 2.5 
50 36 72 108 144 180 
100 72 144 216 289 361 
200 144 289 433 577 721 
500 361 721 1082 1443 1803 
1000 721 1443 2164 2885 3607 
2000 1443 2885 4328 5771 7214 
5000 3607 7214 10820 14427 18034 
10000 7214 14427 21640 28854 36067 
Figure 6.4. Use of the model to simulate change in spore concentrations with distance 
downstream. 
a) Comparison between three spore types having different half-lives, 
of 0.5, 1.0, 2.0 km. Initial spore concentrations were 1000 L-1; 
no further additions of spores were made. 
b) Comparison between three spore types having different half-lives, 
of 0.5, 1.0, 2.0 km added to the stream at the same increment rate 
(300 L-1, km-1 ). Initial spore concentrations nil. 
c) Comparison between three spore types having identical half-lives 
( 1 km), and different increment rates of 200, 400, 600 km-1. 
Initial spore concentrations nil. 
d) Comparison between three spore types having identical half-lives 
(1 km), and different increment rates of 50, 100, 200 km-1. 
Initial spore concentrations 1000 L-1. 
6.6.4. Extractin2 input and loss rates from chan2es in spore populations 
alon2 an idealized stream. 
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The model started with spore input and loss rates to calculate changes in spore 
populations along an idealized stream. It is possible to reverse this process and work 
backwards from the simulated changes in spore populations to extract the original spore 
input and loss rates. Thus, if instead of plotting spore concentration against mean 
distance, pairs of measurements from a model run are used to extract net increments by 
subtracting the upstream spore concentrations (Su) from the downstream spore 
concentrations (So), and these are plotted against spore concentration as in Figure 6.5a, 
these two variables are seen to be linearly related. At the intersection of this line with the 
net-increment axis, where total spore concentration falls to zero, the net-increment 
equals the absolute value of the increment rate (I). Also, at the other intersect of the line 
with the total spore concentration axis, where net-increment of spores falls to zero, 
spore concentration equals the equilibrium spore concentration value (SE). From these 
two values the half-life of spores in the stream can be calculated using the following 
equation. 
H = (-loge0.5)SEII· .............. (iii) 
The same relationship holds true where the net spore concentration is declining towards 
equilibrium concentration, as shown in Figure 6.5b. In this case the intersection with the 
total spore axis again gives the equilibrium spore concentration; and the absolute 
increment value (I) can be obtained by extrapolating the graph line back to the net 
increment axis. 
An extensive set of spore concentration data, such as that obtained from the model, is 
not required to make the above determinations. One merely requires sufficient points to 
establish that a straight line relationship exists between net increments and mean spore 
concentrations, to show that a spore population is tending towards equilibrium as it 
moves downstream. Then the mean input and loss rates can be estimated by 
extrapolating from this. 
Figure 6.5. Analysis of some simulated data by plotting rate of change of spore 
concentration against spore concentration. 
a) Linear relationships obtained with three spore populations rising towards 
equilibrium Spore types had different half-lives and identical increment rates 
(simulated data from Fig. 6.3b). 
b) Linear relationships obtained with three spore populations falling towards 
equilibrium. Spore types had identical half lives and different increment 
rates (simulated data from Fig. 6.3d). 
Key: Su and So are adjacent measures of spore concentration, L km 
upstream or downstream with respect to each other. 
(So - Su)/L =rate of change in spore concentration £-1 km-1. 
(So+ Su)/2 =mean concentration of spores £-1 for that region of the stream. 
Arrows indicate direction of change towards equlibrium. 
Figure 6.5 
300 
200 
-
100 
E 
.::t:. 
,,_ 
Cl) 0 Q. 0 200 400 600 800 Cl) 
,,_ 
So+Su (no. per litre) ....... 
l.... 200 2 Cl) . 
Q. . . . 
. 
. 
. 0 . . 
c 100 . . b .......... . . . . . . . 
_J . . . . 
. . 
........... 
. . . 
-
. . . 
. . . 
:J . . . (/) 0 
'o 600 800 (/) 
.......... 
-100 
-200 
-300 
6.7. USE OF THE MODEL TO ANALYSE DATA FROM A SECTION OF 
LEES CREEK 
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Four of the sites where spore counts were obtained (Section 6.5; Sites 2,3,4,5) lay along 
a section of stream with no significant tributaries, nor changes in the structure of riparian 
vegetation, and so provided the possibility of relatively constant input and loss rates of 
spores. The four sites allowed for determination of three rates of change in net 
increment/decrement, the minimum number needed to test for a linear relationship. 
Accordingly, data for the fourteen major fungal species in the stream were analyzed by 
the above graphical technique. Six of the fourteen species gave a good linear relationship 
between net increment rate and total number of spores; a result which is extremely 
unlikely to occur by chance. 
Three of these straight line relationships (Figure 6.6), were in accord with the model. 
The spore concentrations of Cl. aquatica and A. acuminata were apparently increasing 
towards equilibrium levels of 203 and 246 spores £-1 respectively. From the 
intersections with the net increment rate axis they appeared to have absolute rates of 
spore increment of 203 and 218 spores L-1 km-1. By contrast, the spore concentrations 
of T. elegans were declining towards an equilibrium level of 7 spores L-1, and 
extrapolation of the graph to the intersection with the net rate axis gave an estimate for 
absolute increment rate of 6 spores £-1 km-1. Although the increment rates of the first 
two were much higher than those of the last, a calculation of their persistence in terms of 
half-lives gave very similar values for all three fungi: A. acuminata 0.69 km, Cl. 
aquatica 0.78 km, and T. elegans 0.81 km. 
To check these extracted values, they were fed back into the model, together with initial 
spore concentrations (S 1) as at Site 2, and the model run to generate simulations of 
changes in spore concentrations over that section of the stream. In spite of the 
extrapolation involved in defining one of the input variables (I), a good fit to the real 
data was achieved using the simulated data, based only on the three parameters I, H and 
S 1 (Figure 6.7). 
Figure 6.6. Analysis of some real data - by plotting rate of change of spore 
concentration against spore concentration. 
a) Linear relationships obtained with two spore populations apparently rising 
towards equilibrium. 
Clavariopsis aquatica - solid triangles 
Alatospora acuminata - solid circles 
b) Linear relationship obtained with a population of Tetrachaetum elegans 
spores (solid squares) which was apparently falling towards equilibrium. 
Data is from Lees Creek, Australian Capital Territory (section 6.5). 
Key: Su and Sn are adjacent measures of spore concentration, L km upstream 
or downstream with respect to each other. 
(Sn - Su )IL = rate of change in spore concentration £-1 km-1. 
(Sn + Su)/2 =mean concentration of spores -1 for that region of the stream. 
Arrows indicate direction of change towards equlibrium 
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Figure 6. 7. Comparison between real and simulated changes in spore 
concentration with distance downstream. 
a) Clavariopsis aquatica - solid triangles. 
Alatospora acuminata - solid circles. 
b) Tetrachaetum elegans - solid squares. 
Key: Unbroken lines - real data 
Broken lines - simulated data 
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240 ... . . .. 
• . .. • .. . . 
220 
.......... 
• (]) 
. ~200 .... lo... •A • • • • • • 
........ 
··¥. 
lo... -~ (]) 180 Q. .. . 
0 a c 160 
'-" 
c 
0 
........ 140 
CCI 
lo... 
........ 
c 120 (]) 
() 
c 
0 100 () 
(]) 
lo... 0 1 2 3 4 0 
Q. 
(f) 30 
b 
20 . . . . 
. 
. 
••• • ~ ... 10 • • • • • • II,.,. a 
I I I ' • • • • • 
-· 0 
0 1 2 3 4 
Distance downstream (km) 
130 
6.8. DISCUSSION 
6.8.1. Changes in the fungal spora along sections of Lees Creek 
6.8.1.1. Headwaters of tributaries 
The two different tributaries of Lees Creek showed very similar changes in fungal 
populations close to the source notwithstanding some differences in the local riparian 
vegetation. In both tributaries there was a rapid increase in both number of spores and 
number of species in samples taken progressively downstream from the source. Within 
100 metres 15 species were detected in samples from each stream; Lees Springs 
returning 300 spores L-1 and the other tributary 150 spores L-1. Lees Springs 
disappeared below the ground at 185 m from the source, and when it reappeared again, 
70 m further on, all spores appeared to have been removed by its passage underground. 
But within 20 m from the source both number of species and number of spores had risen 
again to the levels recorded before its disappearance. 
Although the number of species and total number of fungal spores tended to increase 
downstream in a reasonably organized manner, rapidly at first then more slowly, the 
behaviour of individual species was often much more erratic. This was exemplified by 
some of the species traced down the Lees Springs tributary: Articulospora tetracladia 
spore numbers peaked at 30 metres; Tricladium chaetocladium peaked at 130 metres; 
unknown sp.47 at 180 metres; while unknown sp.18 peaked after the stream re-emerged 
at the second source at 270 metres. The result of such fluctuations is that the mix of 
species changed quite rapidly along these head water streams. Thus in the Lees Springs 
tributary, Flagellospora sp.33 was the most common spore type in the most upstream 
samples, but this was displaced to second place by unknown sp.47 at 180 metres, and 
both were overshadowed by unknown sp.18, sp.8 and Tricladium chaetocladium after 
the stream re-emerged at the second source. 
Some of the changes in spore concentration could be related to specific changes in the 
stream. The peak in Articulospora tetracladia spores, and substantial increases in the 
spore numbers of Flagellospora sp.33 and Tricladium chaetocladium, occurred during 
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passage through the pond below Lees Springs. Articulospora tetracladia spore numbers 
.decreased again as the water flowed through the reed and fern bed. Unknown sp.47 
increased, while some other fungi decreased, along a part of the stream which flowed 
through dense thickets of blackberries. 
The actual composition of the fungal communities of the two tributaries differed 
markedly. The most prominent fungus in Lees Springs was Flagellospora sp.33, in the 
other tributary it was Anguillospora crassa, and only two of the six most abundant 
species were common to both tributaries. 
6.8.1.2. Middle and lower reaches of Lees Creek 
In the middle and lower reaches of Lees Creek, which had picked up water from the 
above two tributaries and several other streams, there were twice as many species per 
sample (approx 30) and considerably higher concentrations of spores (average 2079 
spores £-1) than obtained from the headwaters. Changes in number of species and total 
numbers of spores were less dramatic than those in the headwaters. The number of 
species rose from 25 to 35 between Sites 1 - 5. Total spore concentration quadrupled 
from Site 1 to Site 5 (approx. 4 km run of stream) and then declined by one third 
between Sites 5 & 6 (another 4 km of stream length, compared to changes of 3 to 15 
species and 10 to 300 spores L-1 in just over 100 metres of stream below Lees Springs). 
Changes in the representation of individual species is best dealt with by considering this 
central region of Lees Creek in three sections. 
Between Sites 1 & 2, only 50 metres apart, there was an increase of 300 spores £-1 and 
the addition of four extra species. This is simply explained by assuming a high input of 
spores from Blundells Creek at its confluence with Lees Creek between these sites. The 
flow rate of water from Blundells Creek was of a similar order to that from Lees Creek 
but slightly less in volume (estimated approx. 70% ). This implies that the spore 
concentration in Blundells Creek was nearly twice that in Lees Creek. However, the mix 
of species must have been similar because the same six species numerically dominated 
the flora at both Site 1 and Site 2. There were just some slight changes to their order of 
importance, with Cl. aquatica and Flagellospora sp.33 increasing their percentage 
contribution (8 % to 10% and 6% to 10%) and their ranking, at the expense of T. 
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chaetocladium (down from second to fifth ranking). 
In the central section of Lees Creek, between Sites 2 & 5, where there are no significant 
tributaries and the stream structure and riparian vegetation are fairly constant, there was 
a steady increase in total spore concentration and in the counts of most of the fungal 
species. Because some species showed larger downstream increases than others, there 
were some changes in the proportional representation. The greatest change was in the 
Lunulospora species. Lunulospora cymbiformis, always the first ranked species, 
increased from 31 to 39% of the population; and L. curvula, initially ranked thirteenth, 
rose to second most common spore type at Site 5 where it contributed 11 % of all spores 
(i.e. Lunulospora species combined equal 50% of all spores). Most of the other common 
species had a reduced proportion of total spores as a result: Cl. aquatica 10% to 6%; 
Flagellospora sp.33 10% to 7%; A. acuminata 8% to 6%; T. chaetocladium 8% to 5%; 
and unknown sp.8 from 5% to 3%. As with total spores, the changes in particular 
species were not as great in this section of the Creek as in the headwaters. 
The extensive debris dam between Sites 3 & 4 did not have any great effect on the spore 
populations passing through that portion of the creek. In both assays the first four 
ranked species maintained their positions in passage through the dam; the fifth and sixth 
ranked species were different. The most important result was the increase, on both 
occasions, in the spore counts of T. chaetocladium. 
Through the lower section of Lees Creek, between Sites 5 & 6, there was a decrease in 
total spore concentration and decreases in the spore concentrations of most individual 
species. This change, from general increases along the 4 km of creek Sites 2 - 5 to a 
general decrease in the 4 km between Sites 5 - 6, coincides with a change in riparian 
vegetation from native forest to pine plantations and other exotic plants such as 
blackberries. 
There were larger changes in the fungal community in this lower section of the stream 
then the central section. The most marked of these was due to A. acuminata increasing 
in abundance (two and a half times) against the general downward trend, which raised its 
contribution from 6% to 22% of all spores and lifted its ranking from fifth to second 
most abundant spore type. Flagellospora penicillioides maintained its spore 
concentrations between Sites 5 & 6, which brought it up from seventh to fourth most 
abundant species. Proportional representation of other major species declined 
accordingly: L. cymbiformis 39% to 25%; L. curvula 11 % to 9%; Cl. aquatica 6% to 
4%; Flagellospora sp.33 from 7% to 3%. 
6.8.2. Spore inputs and losses 
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The changes in spore concentrations and in proportions of different fungi downstream 
are interesting in themselves, but the ultimate objective must be to understand the 
dynamics of those changes in terms of rates of spore input and rates of spore loss from 
the water. The computer model described in this chapter is an important start in that 
direction. 
6.8.2.1. The model 
The model was based on two simple assumptions about an idealized homogeneous 
stream: that spore inputs to a body of water flowing down stream would follow a simple 
arithmetical additive process; while spore losses would be a geometrical process with 
each spore having a constant probability of being lost per unit of distance travelled. The 
model was shown to give plausible simulations of changes in spore populations, and was 
successful in being able to simulate the actual behaviour of three fungal species along the 
more stable section of Lees Creek between Sites 2 & 5. This gives confidence in the 
basic assumptions built into the model concerning the manner of spore inputs and losses. 
More importantly, analysis of the results of simulation runs with the model helps to show 
how estimates of real spore input and loss rates might be obtained from downstream 
data. 
6.8.2.2. Relatively constant input and loss rates 
The most interesting example of this is where a stream is sufficiently stable and 
homogeneous for some distance for input and loss rates to remain more or less constant 
for a while. Under these circumstances, the model predicts spore concentrations of each 
fungus will tend to rise or fall to a equilibrium level, representing a balance between 
input and loss rates. It has been shown how in this situation it is possible, by graphing 
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rate of change against mean concentration of spores, to extract by extrapolation and 
calculation; the equilibrium concentration, the spore input rate, and the half life of the 
spores. Three fungi in the central section of Lees Creek gave the necessary linear plots, 
and enabled input rates and half lives to be estimated: Cl. aquatica increment of 203 
spores L-1 km-1 and half life of 0.78 km; A. acuminata increment rate of 218 spores L-1 
km-1 and a half life of 0.69 km; T. elegans increment rate of 6 spores L-1 km-I and a 
half life of 0.81 km. 
6.8.2.3. Loss rate low in relation to input rate 
The simulation runs with the model also point to other situations where estimates of 
these underlying values can be made. For example, if circumstances are such that the loss 
rate is negligible, then the input rate would be easy to estimate. Near the start of a 
stream emerging spore-free from an underground spring, or at places where a particular 
spore type increases rapidly from zero, spore increments are likely to be initially large in 
relation to spore losses (e.g. Figures 6.4 b & c). So the initial rate of increase of the 
spore population there will closely approximate the rate of addition of spores. 
Such conditions applied near the sources of the two tributaries, where spore 
concentrations increased rapidly from zero. Thus the rate of spore concentration increase 
can be used as an estimate of the minimum input rates. Estimates of input rates derived 
in this way are listed in Table 6.5, with values ranging from 378 to 17143 spores L-1 
km-1. 
Less reliably, spore input rates can be estimated from other situations where there are 
sudden increases in spore concentrations. Naturally, if large concentrations of spores 
already occur in the stream, there will be corresponding large losses of spores from that 
population. So the input rates estimated from spore increase rates will be substantial 
underestimates. Nevertheless, underestimates may be more useful than no estimates at 
all, so Table 6.5 also lists spore input rates calculated for certain fungi which showed 
substantial increases at some point along the middle to lower reaches of Lees Creek. 
Rates of spore input across the 5 metre debris dam were seen to be comparable with 
rates of input near the source of tributaries. But other spore input rates were very much 
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lower, ranging from 5 to 429 spores L-1 km-1. Rates of spore input calculated in this 
way can be compared in two cases, with the more reliable input rates derived by the 
graphical analysis as per model, when they are seen to be approximately one third of the 
model derived estimates: A. acuminata, 66 compared with 218 spores L-1 km-1; Cl. 
aquatica, 73 compared with 203 L-1 km-1. This may be some guide to the degree of 
underestimation of spore input rates when these are derived directly from net increase 
rates of spores. 
6.8.2.4. Input rate low in relation to loss rate 
If a stream initially flows through a productive section of forest which contributes litter 
into the stream and supports a large fungal population, and then the stream enters an 
unproductive region, a situation similar to that modelled in Figure 6.4a may arise, where 
a preformed population of spores receives no further additives and only experiences 
losses as it moves downstream. Under these circumstances, the log2 of concentrations in 
the declining spore population can be plotted against distance to extract the slope, which 
will provide estimates of the half life of the spores. 
The general decline of spore concentrations where Lees Creek left the native riparian 
vegetation and flowed through exotic pine plantations might approximate these 
conditions for some of the fungal species. Also, in the headwaters of the tributaries there 
were some abrupt declines in spore number which suggest spore losses were greatly in 
excess of spore inputs. Examples of these population declines have been used to estimate 
maximum possible values for the half lives of those spores and are listed in Table 6.6 
together with the model-derived half-lives for the central section of Lees Creek. 
The half lives derived from the model for the central section of Lees Creek are all just 
below one kilometre. Maximum values in the lower part of Lees Creek range from 1. 8 
km upwards. Unlike the input rates there is no comparative base between the two 
maximum types of measure for loss rates, but if the half lives derived from population 
decreases were overestimated by the same factor (3) as applied in the input comparison, 
then actual half lives in the lower region of Lees Creek might range from 0.6 to 1.6 km 
i.e. of similar order to these in the middle reaches. In the headwaters of the tributaries 
and through the debris dam, maximum estimates of half-lives were very much smaller by 
a factor of ten or more. Clearly spores are lost at a much faster rate from narrow or 
obstructed streams. 
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Table 6.5 Estimates of spore input rates1 
Fungal species Between sites Spore input (L-1 km-1) 
Near source of Lees Springs 
Tricladium chaetocladium (i) - (ii) 744 
Tricladium chaetocladium (ix) - (x) 10857 
Flagellospora sp.33 (iii) - (iv) 4000 
Flagellospora sp.33 (ix) - (x) 7143 
Unknown sp.8 (iv) - (v) 700 
Unknown sp.8 (ix) - (x) 9429 
Articulospora tetracladia (iii) - (iv) 4143 
Unknown sp.47 (vi) - (viii) 3412 
Unknown sp.18 (ix) - (x) 17143 
Near source of other tributary 
Tricladium chaetocladium (ii) - (iii) 378 
Anguillospora crassa (i) - (ii) 8769 
In central section of Lees Creek 
Tricladium chaetocladium debris dam 14400 
Flagellospora penicillioides debris dam 3200 
unknown sp.20 debris dam 7400 
Tetrachaetum elegans 2 - 5 fl' 
Alatospora acuminata 2 - 5 2182 
Alatospora acuminata 2 - 3 66 
Clavariopsis aquatica 2 - 5 2032 
Clavariopsis aquatica 2 - 3 73 
Flagellospora sp.33 4 - 5 89 
Unknown sp.8 4 - 5 58 
Lunulospora curvula 3 - 4 160 
Lunulospora cymbiformis 4 - 5 429 
Anguillospora filif ormis 4 - 5 33 
In lower section of Lees Creek 
Alatospora acuminata 5 - 6 79 
Anguillospora filiformis 5 - 6 5 
Notes. 1. Because losses are mostly not known, estimates are of 
·minimum possible input rates, except in the case of values 
derived through the model. 
2. Values derived through the model. 
Table 6.6. Estimates of spore half lives1 
Fungal species 
Near source of Lees Springs 
Tricladium chaetocladium 
Flagellospora sp.33 
Unknown sp.8 
Articulospora tetracladia 
Near source of other tributary 
Tricladium chaetocladium 
Lunulospora cymbif ormis 
In central section of Lees Creek 
Flagellospora sp.33 
Unknown sp.8 
Lunulospora cymbif ormis 
Tetrachaetum elegans 
Alatospora acuminata 
Clavariopsis aquatica 
In lower section of Lees Creek 
Clavariopsis aquatica 
Flagellospora sp.33 
Unknown sp.8 
Lunulospora curvula 
Lunulospora cymbif ormis 
Anguillospora crassa 
Between sites 
(vii) - (viii) 
(vii) - (viii) 
(vii) - (viii) 
(iv) - (v) 
(v) - (vi) 
(v) - (vi) 
debris dam 
debris dam 
debris dam 
2 - 5 
2 - 5 
2 - 5 
5 - 6 
5 - 6 
5 - 6 
5 - 6 
5 - 6 
5 - 6 
Half life (km) 
0.05 
0.05 
0.08 
0.01 
0.06 
0.08 
0.02 
0.01 
0.03 
0.812 
0.692 
0.782 
3.4 
2.3 
1.8 
4.9 
3.3 
2.3 
Notes. 1. Because inputs are mostly not known, estimates are of the 
maximum possible half lives, except in the case of values derived 
through the model. 
2. Values derived through the model. 
CHAPTER 7. 
A SURVEY OF HYPHOMYCETES IN A RANGE OF 
AUSTRALIAN STREAMS 
7.1 INTRODUCTION 
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The entire focus of the body of work described in the previous chapters has been 
restricted to details of the aquatic hyphomycetes of Lees Creek. The question naturally 
arises, to what extent are the hyphomycetes of Lees Creek typical of other Australian 
streams. Accordingly, this penultimate chapter sets out to assess similarity of the aquatic 
hyphomycete population of Lees Creek to: (i) that of its headwater streams; (ii) other 
local streams; (iii) upland streams of south-eastern N.S.W. and Victoria; (iv) upland 
streams of northern N.S.W.; and (v) tropical streams of the Northern Territory. 
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7.2 MATERIALS & METHODS 
7.2.1. Location of the streams sampled for membrane filtration 
The streams which were selected for quantitative sampling by membrane filtration are 
listed in Table 7 .1 and include: (i) three headwater streams of Lees Creek; (ii) Lees 
Creek at Site 2; (iii) three other local A.C.T. streams flowing down the eastern side of 
the Brindabella range; (iv) one stream (Flea Creek) flowing down the north-western side 
of the Brindabella Ranges; (v) seven other, more distant, streams in upland south-
eastern Australia; three in N.S.W. and four from Victoria; (vi) four upland streams of 
northern N.S.W. near Lismore, two of which flowed through rainforest gullies; and (vii) 
four spring-fed tropical streams from the Northern Territory, three from near Darwin, 
and one (Roper River) east of Katherine. 
7 .2.2. Characteristics of the streams 
Because of the opportunistic nature of the study, physical and chemical characteristics 
were either sampled by a multielectrode probe (N.T. streams) or by hand-held single 
electrode probes (Temperature or pH). 
Only the dominant riparian species or general forest structure was recorded in 
vegetation notes, since most of the species in the widely separated geographic regions 
were unfamilar to the author. 
In most instances, stream width and depth were estimated and the nature of the stream 
bottom was recorded. 
A summary of stream characteristics is included in Table 7.2. 
7 .2.3. Samplini: of the streams 
Most streams were sampled once between October 1989 and January 1990, except the 
NT streams which were sampled between 27 Apr. to 02 May 1990. This resulted in the 
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fungal communities from all except for the NT streams being sampled in the one season. 
The extended period between sampling the NT streams, and sampling streams in the 
other regions was thought to possibly influence the relative abundance of a species but 
not species composition. All streams within the A.C.T. were specifically chosen as being 
part of the Cotter River Catchment system and were sampled on the same day. The 
remaining streams were all sampled on an opportunistic basis. Emphasis was placed on 
selecting streams outside of the A.C.T. which flowed through native vegetation. Dr. 
G.A. Chilvers sampled streams in northern N.S.W. and assisted with sampling of A.C.T. 
streams. The remaining streams were sampled by the author. 
The fungi in the streams were sampled by the membrane filtration (Iqbal and Webster 
1973) of 200 to 500 ml of water as previously outlined in Sections 4.3.1.3. and 4.1.3.4. 
Results are given in Tables 7.2, 7 .3 & 7.4. 
7 .2.4. Comparative analysis of membrane filtration data 
The incidence of each species collected by membrane filtration from each stream has 
been expressed as the percentage of all spores collected in a sample (Table 7.3). These 
data have then been used in an hierarchical agglomerative cluster analysis to indicate the 
relative similarity of the spora from the various streams. Log(x+ 1) transformation of 
standardised spore counts (proportion of total spores for each species per stream 
sample) was done to reduce the influence of high counts. The Bray & Curtis measure of 
similarity was selected as one which has been shown to provide an optimal estimate of 
"ecological distance" (Faith et al. 1987). Clustering was achieved using the flexible 
UPGMAprocedure of PATN (Belbin 1988) with a beta value of-0.1. 
7 .2.5. Foam samples from other streams 
Qualitative sampling of other streams on an opportunistic and intermittent basis by 
collections of foam was also carried out. To assess the presence of a species in a sample 
of foam, the foam was collected in a large plastic bag. As soon as sufficient foam had 
condensed in the bag the condensate was poured into a 50 ml McCartney bottle and the 
spores in suspension were killed either with Formalin Acetal Alcohol, or fixed and 
stained with lactophenol cotton blue, or with a solution of ammonia and congo red dye 
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following Price (1966) and Nawawi (1985). Microscope slides were made up from this 
material within a few hours of returning home. Because Australian waters (or at least the 
ones sampled in this study) contain a lot of colloidal material, leaving the sample in a 
bottle too long results in a mix of spores and sediment rendering the samples almost 
useless. Only slides made from samples stained with lactophenol cotton blue were semi-
permanent when ringed with nail varnish. Because the foam samples were collected from 
a variety of streams on a casual basis these data will not be used for any comparative 
work, but simply recorded to expand the knowledge of spore shapes detected within 
Australian waters. The additional species detected in foam are listed in Table 7 .5 and 
figured in Appendix (I) 
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7.3. RESULTS 
7.3.1. Numbers of species in streams 
A total of 60 species were detected by membrane filtration among the 23 streams (Table 
7.3). However, this number of species can only be considered approximate because of 
the difficulty of recognising species on the basis of detached spores alone. Of those 60 
species, 36 have been assigned to described species, a further 11 species to genus, 
leaving 13 species entirely unknown (Table 7.3). The largest number of species (32) was 
recorded from the Swampy Plains River N.S.W. and the smallest number (5) in the 
Roper River Northern Territory (Table 7.2). 
Of the three major geographical regions studied, the 15 streams of south-eastern 
Australia had the most species (49 species), followed by four northern N.S.W. streams 
(27 species) with the four Northern Territory streams last (only 9 species) (Table 7.4). 
Within the Cotter catchment, forty species were detected overall. The three larger 
streams had more species on average (30.6), than the three upper tributaries of Lees 
Creek (24.3) (Table 7.4) 
7 .3.2. Total numbers of spores in streams 
Streams flowing through the remnant rain forest of northern N.S.W. had the greatest 
number of spores per litre (12,182 & 11,160), more than twice that of the stream (Flea 
Creek) with the next highest spore count. The grass and Pandanus-lined Palm Creek in 
the Northern Territory had the lowest number of spores (56 £-1) followed by the Roper 
River (130 £-1) in the same region (Table 7.2). 
Within the Cotter catchment, the three larger streams had substantially higher spore 
concentrations (mean 1703 £-1) than the three upper tributaries (mean 626 £-1 ). 
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7 .3.3. Frequency of occurrence of individual species 
Single species varied greatly in terms of their frequency of occurrence across the 23 
streams (Table 7.4). Half of the species (31) were detected in less than a quarter of the 
streams sampled; ten of these being found only in one stream. By contrast, twenty three 
species were found in more than half of the streams sampled. The most frequently 
encountered species, found in more than three quarters of the streams sampled, were: L. 
cymbiformis; L. curvula; T. chaetocladium; A. acuminata; Fusarium sp.12; unknown 
sp.25; Flagellospora sp.33; and unknown sp.47. No single species was detected in every 
stream. The most widespread species was L. curvula, being present in all streams except 
Rocky Creek in northern N.S.W. (Table 7.4). 
Two of the more widespread species, Fusarium sp.12 and Flagellospora sp.33, have 
falcate or sinuate spores which are not particularly diagnostic in the absence of the 
conidiophores from which they are produced, and there is a possibility that these might 
each embrace more than one species. Another of the widespread species, Lunulospora 
cymbiformis, exhibited considerable variation in spore morphology. Because there seems 
to be a correlation between spore shape and the region from which the fungus was 
collected (e.g. cool water form sp.1 from southern N.S.W. and Victorian streams, and 
warm water form: sp.15 from northern N.S.W. and Flea Creek) both spore shapes are 
illustrated separately in Appendix (I). The spores of the warm water form were usually 
larger than those of the cool water form. Spores of Lunulospora curvula also followed 
this trend, being longer in streams of the Northern Territory and northern N.S.W. than in 
streams of south-eastern Australia. 
7 .3.4. Individual species in relation to different streams 
Inspection of Table 7.4 shows that some hyphomycete species were found only in one of 
the three main geographical regions. Thus Lemoniera pseudofioscula, Triscelophorus 
monosporus and three unnamed species (numbers 85, 87, and 88), were found only in 
Northern Territory streams. Similarly, Clavariopsis tentacula, Pyramidospora sp.73, 
Curucispora? sp.72 and unknown sp.71 were detected only in northern N.S.W. streams. 
Campylospora chaetocladia was also found mainly in northern N.S.W. streams, with 
143 
just one occurrence in Flea Creek. Eighteen of the species found in the southern group 
of streams, were not detected in either of the northern groups. Of those species the 
following were detected in a majority of the southern streams: Lemonniera aquatica; 
Angulospora aquatica (or Condylospora spumigena); Cylindrocarpon aquaticum; and 
unknown species 18 & 20. 
There were also some differences between regions in the patterns of dominance (Table 
7.4). Thus, spore counts in streams of the Northern Territory were mostly numerically 
dominated by a single species accounting for more than 50% of all spores present: L. 
curvula or unknown sp.84. Spore counts in Northern N.S.W. tended to be numerically 
dominated by L. cymbiformis (mainly the warm water spore form), A.filiformis or 
unknown sp.25. In streams of south-eastern Australia, by contrast, there was never a 
single dominant species. Rather, each stream had several prominent species, each 
accounting for between 5-25% of the total spora. The only exception, where one fungus 
approached 50% was Anguillospora filiformis ( 45%) in the Steavenson River. 
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7 .3.5. Classifyint: streams on the basis of funi:al species occurrint: within them. 
The patterns of occurrence of fungal species in the streams of different geographical 
regions of Australia seemed to be sufficiently distinct to suggest that the streams might 
be grouped according to their associated fungi. To test this, an hierarchical 
agglomerative cluster analysis was used to classify the 23 streams in terms of the 
abundance of the spora of the 62 fungal species in them, using the procedure outlined in 
Section 7 .2.4. 
Figure 7.1 shows a dendogram of sites (streams), representing all levels of agglomerative 
clustering, based on the degree of dissimilarity of the fungal populations found in the 
streams. It is evident that three major groups can be recognised, and that the procedure 
has been very successful at grouping streams from the three major geographic regions 
close to each other. For example the group on the left side of the dendogram contains all 
but one stream from south-eastern Australia, the central group contains all streams from 
northern N.S.W., and the right group contains all the Northern Territory streams (Figure 
7.1). 
Two major subgroups can be recognised in the left group. One of these subgroups 
contains three of the four streams in the Lees Creek system and the adjacent Condor 
Creek into which these eventually flow (Figure 7 .1 ). The other subgroup splits into two 
further groups, in the smallest of which is found the two widely separated streams that 
both have had an exotic component to their riparian vegetation (Pierces Ck: pines, 
blackberries and willow; and Steavenson R.; broad leaf deciduous) (Figure 7.1). 
In the central group, one stream from southern N.S.W. (Flea Creek) has been included in 
with the northern N.S.W. streams. In the right side group containing only streams from 
the Northern Territory, the fungal spora of Palm Creek was found to be the most 
dissimilar among the group (Figure 7.1). 
7 .3.6. Additional species detected in foam samples 
Limitations of foam sampling for the purpose of identifying aquatic hyphomycetes in a 
stream occur either from the biased nature of the sample or from the fact that some 
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spores begin to germinate in the foam, severely compromising the reliability of 
identifications. Shearer and Webster (1985c) have pointed out that bias exists within 
foam samples, as entrapment in foam is influenced by spore shape. Foam samples in Lees 
Creek and many other local creeks were only available after heavy rain and thus were of 
limited value as a reliable method of regular fungal sampling. For these reasons, the foam 
samples were only used for qualitative studies intended to detect additional species of 
hyphomycetes in Australia. 
Spores belonging to a further 62 species of fungi, other than those previously reported in 
this or the other chapters, have been detected in foam samples taken predominantly from 
the south-eastern region of Australia. Of those 62 extra species only sixteen could be 
assigned to described species, fifteen species were assigned to genera, leaving 31 of 
unknown affinity (Table 7.5). 
Table 7.1 Location and altitude of streams quantitatively sampled for aquatic hyphomycetes with date of sample 
Stream Location Map & Grid Reference Longitude Latitude Altitude Date of Sample 
Lees Creek, Tributary 1 A.C.T. Brindabella 8627-655824 148° 49'E 35° 23'S 1100 m 10 OCT 1989 
Lees Creek, Tributary 2 A.C.T. Brindabella 8627-645841 148° 48'E 35° 22'S 1140 m 10 OCT 1989 
Lees Creek, Tributary 3 A.C.T. Brindabella 8627-648853 148° 49'E 35° 22'S 1160 m 10 OCT 1989 
Lees Creek, Site 2 A.C.T. Brindabella 8627-671851 148° 51'E 35° 22'S 840 m 10 OCT 1989 
Condor Creek A.C.T. Brindabella 8627-655894 148° 49'E 35° 19'S 800 m 10 OCT 1989 
Cotter River A.C.T. Brindabella 8627-717868 148° 53'E 35° 21 'S 560 m 10 OCT 1989 
Pierces Creek A.C.T. Brindabella 8627-73987 4 148° 55'E 35° 20'S 580 m 10 OCT 1989 
Flea Creek S. N.S.W. Brindabella 8627-593880 148° 45'E 35° 21 'S 500 m 27 DEC 1989 
Bogong Creek S.E. N.S.W. Kosciusko 8525-079757 148° 12'E 36° 21 'S 500 m 20 NOV 1989 
Swampy Plains River S.E. N.S.W. Kosciusko 8525-058725 148° 11 'E 36° 23'S 420 m 20 NOV 1989 
Leather Barrel Creek S.E. N.S.W. Jacobs River 8524-067569 148° 11 'E 36° 32'S 1000 m 20 NOV 1989 
Tanjil River (West Branch) Victoria Matlock 8122-268143 146° lO'E 38° 48'S 650 m 19 NOV 1989 
Bellell Creek Victoria Healesville 8022-976444 145° 50'E 37° 32'S 880 m 19 NOV 1989 
Steavenson River Victoria Healesville 8022-893477 145° 45'E 37° 31 'S 430 m 20 NOV 1989 
Goulburn River Victoria Mansfield 8123-303622 146° 13'E 37° 24'S 650 m 20 NOV 1989 
Boggy Creek N.E. N.S.W. Lismore 9540-380347 153° 24'E 28° 37'S 210 m 05 JAN 1990 
Rocky Creek N.E. N.S.W. Lismore 9540-346353 153° 21 'E 28° 36'S 250 m 05 JAN 1990 
Rain forest stream N.E. N.S.W. Lismore 9540-322321 153° 19'E 28° 38'S 220 m 05 JAN 1990 
Korrumbyn Creek N.E. N.S.W. Murwillumbah 9541-2865 86 153° 18'E 28° 24'S 285 m 10 JAN 1990 
Roper River N.T. Mataranka 5568-975486 133° 06'E 14° 55'S 120 m 27 APR 1990 
Berry Springs N.T. Bynoe 5072-164953 130° 59'E 12° 42'S 20 m 02 MAY 1990 
Howard Springs N.T. Koolpinyah 5173-229223 131° 13'E 12° 28'S 20 m 02 MAY 1990 
Palm Creek N.T. Darwin 5073-098272 130° 56'E 12° 25'5 20m 02 MAY 1990 
Table 7.2 Number of spores and species together with vegetation and physical/chemical characteristics of streams surveyed 
Stream Total spores No. of Characteristics of Characteristics of stream 
(No. L·1) species riparian vegetation 
Lees Creek, Tributary 1 586 28 Native, eucalypt forest _0.5 m wide, 50-100 mm deep, gravel/pebble bottom 
Temperature 9.5°C, pH 6.7. 
Lees Creek, Tributary 2 726 24 Native, eucalypt forest _0.5 m wide, 50 mm deep, gravel/pebble bottom 
Temperature 11°C, ph 7 .2. 
Lees Creek, Tributary 3 566 21 Native, eucalupt forest _0.5 m wide, 50-75 mm deep, gravel/pebble bottom 
Temperature 10.5°C. 
Lees Creek, Site 2 1260 31 Native, eucalypt forest 1-2 m wide, 100-200 mm deep, pebble bottom 
Temperature l0°C, pH 6.9. 
Condor Creek 2746 30 Native, eucalypt forest & 1.5-4 m wide, 0.3-1 m deep, pebble bottom 
some blackberry understorey Temperature 12.5°C. 
Cotter River 1102 31 Native, eucalypt forest 3-10 m wide. 300 mm deep, cobble bottom 
Temperature 17°C, ph 7.7. 
Pierces Creek 1078 28 Exotic, P. radiata & some 2-3m wide, 100 mm deep, pebble/coarse sand bottom 
Salix sp(p). Temperature 12°C, ph 7.1 
Flea Creek 5032 27 Native eucalypt forest and 1-2m wide, 200-400mm deep, pebble/coarse sand botttom 
Casuarina cunninglwmiana 
Bogong Creek 1580 31 Native eucalypt forest 3-4m wide, 200-500mm deep, rocky/cobble bottom 
Temperature 15°C. 
Swampy Plains River 1216 32 Native eucalypt forest 15-20 m wide, coarse sand/gravel bottom 
Temperature l3°C. 
Leather Barrel Creek 1428 31 Native eucalypt forest 3-4 m wide, cobble bottom, Temperature 10.5°C 
Table 7.2 continued 
Stream Total spores No. of 
(No. L"1) species 
Tanjil River (West Branch) 816 26 
Bellell Creek 668 24 
Steavenson River 1428 25 
Goulburn River 948 31 
Boggy Creek 1700 14 
Rocky Creek 2528 19 
Rain forest stream 12182 16 
Korrum byn Creek 11160 16 
Roper River 130 5 
Berry Springs 1786 6 
Howard Springs 2438 7 
Palm Creek 56 6 
Characteristics of 
riparian vegetation 
Native forest, Acacia 
dealbata dominant 
Native forest, A. dealbata 
& E. regnans dominant 
Native and mixed exotic 
vegetation 
Native eucalypt forest 
Native eucalypt forest 
Native eucalypt forest 
Native rainforest, mixed 
species dominant. 
Native rainforest, mixed 
species dominant. 
Native, Pandanus sp. & 
M elaluca sp. 
Native riparian monsoon 
rainforest 
Native riparian monsoon 
rainforest & Pandanus sp. 
Pandanus sp. & grasses 
Characteristics of stream 
3-4 m wide, boulder/cobbly bottom 
Temperature 9°C. 
2m wide, pebble/gravel bottom 
Temperature 9"C. 
Stream sampled at bridge in town of Maryville, physical 
characteristics not recorded. Temperature 11.5°C 
10-12 m wide, Temperature 12.5°C. 
6 m wide, 100 mm deep, rock & occasional boulder bottom 
9 m wide, 0.2-1 m deep, rock & boulder bottom 
2-3 m wide, boulder bottom 
2 m wide, 50 mm deep, boulder bottom 
3 m wide, 1 m deep, sand/gravel bottom 
Temperature 29.1°C, pH 7.4, DO 5.66 mg L·1, Cond 1.66 mS 
4 m wide, 500 mm deep, sand/silt bottom 
Temperature 31.4°C, ph 7.44, DO 2.24 mg L1, Cond 476 uS 
2-3 m wide 200 mm deep, sand/silt bottom 
Temperature 29°C, ph 7.39, DO 6.65 mg L"1, Cond 395 uS 
1-2 m wide, 100-200 mm deep, 
Temperature 27.4°C, ph 5.39, DO 5.38 mg L1, Cond 112 uS 
Table 7 .3 Species of aquatic hyphomycetes recorded from 23 streams sampled for 
this chapter by membrane filtration 
a) Identified to species 
Alatospora acuminata sens. lat 
& sensu stricto Ingold 
Alatospora puchella 
Marvanova 
Anguillospora crassa 
Ingold 
Anguillospora filiformis 
Greathead 
Anguillospora longissima 
Ingold 
Angulospora aquatica ? 
Nilsson 
Articulospora tetracladia 
Ingold 
Campylospora chaetocladia 
Nawawi 
Clavariana aquatica 
Nawawi 
Clavariopsis aquatica 
de Wildeman 
Clavatospora longibrachiata 
(Ingold) Nilsson ex Marvanova & Descals 
Clavatospora tentacula 
(Umphlett) Nilsson 
Condylospora spumigena 
Nawawi 
Culicidospora aquatica 
Petersen 
Cylindrocarpon aquaticum 
(Nilsson) Marvanova & Descals 
Dimorphospora foliicola 
Tubaki 
Dwayaangam cornuta 
Descals 
Flagellospora penicillioides 
Ingold 
F ontanospora alternibrachiata 
Dyko 
Heliscina campanulata 
Marvanova 
Heliscus lugdunensis 
Sacc & Therry 
Lemonniera aquatica 
de Wildeman 
Lemonniera pseudofloscula ? 
Dyko 
Lunulospora curvula 
Ingold 
Lunulospora cymbif ormis 
Miura 
N aiadella fluitans ? 
Marvanova & Bandoni 
Tetrachaetum elegans 
de Wildeman 
Tetracladium marchalianum 
de Wildeman 
Tricladium angulatum 
Ingold 
Tricladium chaetocladium 
Ingold 
Tricladium giganteum 
Iqbal 
Tricladium robustum ? 
Marvanova 
Tricladium splendens 
Ingold 
Tripospermum myrti 
(Lind.) Hughes 
Triscelophorus acuminatus 
Nawawi 
Triscelophorus monosporus 
Ingold 
Table 7 .3 continued 
b) Tentatively identified to genera 
Arborispora? sp.26 
Curucispora ? sp. 72 
Curucispora? sp.76 
Flabellospora ? sp.69 
Flagellospora? sp.33 
Flagellospora? sp.41 
Fusarium sp.12 
Mycocentrospora ? sp.49 
c) Apparently undescribed species 
unknown sp.8 unknown sp.40 
unknown sp.18 unknown sp.45 
unknown sp.20 unknown sp.47 
unknown sp.25 unknown sp.50 
unknown sp.32 unknown sp.71 
Spores of all species are illustrated in Appendix (i) 
Pyramidospora ? sp. 73 
Trinacrium? sp.75 
Triscelophorus ? sp.46 
unknown sp. 81 
unknown sp.84 
unknown sp.85 
Table 7.4 Percent contribution to total spora by different species of aquatic hyphomycetes in 23 streams. 
Streams Fungal species 
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Lees Creek, Tributary 1 2.05 2.39 9.22 4.95 13.65 15.53 0.51 26.28 0.17 5.12 
Lees Creek, Tributary 2 17.63 4.95 2.48 2.20 17.36 2.48 1.89 6.34 0.55 0.55 0.55 
Lees Creek, Tributary 3 7.07 0.71 14.49 0.71 17.31 3.81 0.71 1.06 0.35 4.24 
Lees Creek, Site 2 9.37 1.11 11.11 0.32 19.84 5.08 0.79 25.71 0.32 0.95 
Condor Creek 13.47 3.35 8.88 0.51 9.83 13.62 1.89 22.29 2.18 2.11 
Cotter River 10.34 13.61 3.27 0.36 0.54 24.32 3.81 6.35 1.99 0.91 0.54 
Pierces Creek 6.68 4.82 0.74 1.11 6.86 9.09 9.83 0.19 0.19 2.60 
Flea Creek 4.13 2.54 2.07 1.91 21.78 6.68 0.64 0.16 0.16 
Bogong Creek 13.16 20.25 10.13 1.77 6.08 10.63 5.82 3.04 0.51 3.29 3.54 
Swampy Plains River 16.12 6.25 10.53 2.30 5.59 13.81 2.30 2.96 1.32 2.63 4.28 
Leather Barrel Creek 7.00 5.32 2.52 7.56 5.32 7.84 2.24 0.56 2.80 2.24 1.12 
Tanjil River 2.94 3.92 3.92 1.47 8.33 3.92 1.96 3.92 0.49 3.92 0.98 
Bellell Creek 14.37 4.79 1.20 2.40 2.99 8.38 5.39 0.60 0.60 
Steavenson River 14.85 5.60 2.24 1.40 3.36 0.84 0.84 0.56 
Goulbum River 20.46 9.07 9.70 1.69 5.91 10.13 3.38 3.38 1.05 2.53 3.59 
Boggy Creek 1.18 0.29 0.29 
Rocky Creek 16.25 0.58 0.19 2.13 0.19 1.16 
Rain forest stream 0.96 2.50 1.52 0.29 0.18 2.77 
Korrumbyn Creek 1.7 28.49 0.54 1.25 7.53 0.18 
Roper River 27.69 
Berrie Springs 38.97 
Howard Springs 68.50 
Palm Creek 28.57 
Table 7 .4 continued 
Streams 
Lees Creek, Tributary 1 
Lees Creek, Tributary 2 
Lees Creek, Tributary 3 
Lees Creek, Site 2 
Condor Creek 
Cotter River 
Pierces Creek 
Flea Creek 
Bogong Creek 
Swampy Plains River 
Leather Barrel Creek 
Tanjil River 
Bellell Creek 
Steavenson River 
Goulbum River 
Boggy Creek 
Rocky Creek 
Rain forest stream 
Korrumbyn Creek 
Roper River 
Berrie Springs 
Howard Springs 
Palm Creek 
Fungal species 
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2.22 
3.31 
0.71 
0.32 
1.02 
1.27 
1.30 
0.32 
0.76 
0.99 
0.28 
0.49 
0.56 
0.84 
0.19 
0.16 
1.54 
21.43 
0.32 
1.24 
7.08 
0.19 
10.65 
0.25 
0.33 
2.53 
26.47 
43.91 
27.50 
13.62 
0.55 
0.48 
4.22 
2.90 
17.81 
1.52 
0.66 
1.96 
8.98 
45.38 
4.43 
50.88 
2.13 
3.08 
8.78 
4.10 
1.10 
27.21 
7.46 
0.22 
0.54 
0.19 
0.64 
1.01 
0.99 
0.84 
4.90 
1.20 
0.28 
1.27 
0.19 
0.36 
0.34 
0.55 
0.71 
0.16 
0.07 
0.74 
0.66 
2.80 
1.20 
1.40 
0.21 
0.28 
0.16 
0.51 
0.16 
0.56 
0.28 
0.42 
0.19 
0.28 
2.54 
0.08 
1.45 
0.37 
1.52 
1.32 
1.40 
1.05 
0.17 
0.16 
0.07 
0.33 
0.17 
1.41 
0.16 
0.54 
0.74 
0.76 
0.84 
0.98 
0.42 
1.27 
0.22 
0.54 
0.56 
7.31 
5.57 
1.32 
0.28 
1.96 
1.20 
0.28 
1.69 
8.24 
13.73 
53.68 
12.37 
1.54 
0.67 
0.33 
17.85 
0.17 
0.16 
0.15 
0.54 
0.76 
0.28 
0.34 
0.73 
0.19 
8.98 
1.05 
Table 7.4 continued 
Streams 
Lees Creek, Tributary 1 
Lees Creek, Tributary 2 
Lees Creek, Tributary 3 
Lees Creek, Site 2 
Condor Creek 
Cotter River 
Pierces Creek 
Flea Creek 
Bogong Creek 
Swampy Plains River 
Leather Barrel Creek 
Tanjil River 
Bellell Creek 
Steavenson River 
Goulbum River 
Boggy Creek 
Rocky Creek 
Rain forest stream 
Korrumbyn Creek 
Roper River 
Berrie Springs 
Howard Springs 
Palm Creek 
Fungal species 
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1.19 0.68 
0.83 20.11 
4.24 4.24 
0.16 3.02 
0.22 0.36 0.07 5.61 
5.99 0.73 5.08 
1.67 0.74 22.45 
0.16 10.17 25.28 
0.25 0.51 0.25 2.28 
0.33 5.59 
0.28 17.09 
1.47 0.98 18.63 
0.60 1.20 26.95 
0.28 0.56 8.40 
2.11 0.84 6.33 
2.35 2.94 
7.54 9.67 0.77 
1.62 3.96 1.29 
0.36 2.15 0.54 
0.85 0.85 0.34 
0.28 5.78 
0.35 0.71 
0.16 1.43 0.63 
1.45 0.91 0.36 
0.37 1.67 
0.64 
1.27 0.25 
1.64 1.97 8.88 
1.12 1.96 22.41 
0.49 18.63 6.37 
0.60 2.99 2.40 
0.28 4.48 1.68 
0.21 0.21 
5.88 
0.19 
0.85 0.51 
0.07 0.07 
0.25 0.25 
0.66 
0.49 
0.21 
0.29 
4.44 
9.09 
9.89 
4.92 
2.62 
2.36 
6.86 
0.16 
3.04 
0.66 
9.40 
4.41 
1.80 
2.80 
3.38 
0.19 
0.29 
0.72 
0.16 
0.07 
0.99 
Table 7.4 continued 
Streams Fungal species 
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Lees Creek, Tributary 1 0.34 0.68 1.88 
Lees Creek, Tributary 2 0.55 1.38 
Lees Creek, Tributary 3 0.35 0.35 
Lees Creek, Site 2 0.48 0.32 0.95 
Condor Creek 0.29 1.60 
Cotter River 0.36 0.54 0.18 0.36 
Pierces Creek 0.74 0.74 0.56 
Flea Creek 0.16 3.82 0.48 
Bogong Creek 0.25 0.25 
Swampy Plains River 0.33 1.64 0.33 
Leather Barrel Creek 1.12 1.12 0.28 
Tanjil River 1.47 
Bellell Creek 0.60 
Steavenson River 0.84 0.28 
Goulbum River 0.63 0.84 0.21 
Boggy Creek 0.29 0.29 0.29 0.29 
Rocky Creek 0.58 0.19 
Rain forest stream Q12 Q06 
Korrumbyn Creek 18.82 0.72 
Roper River 
Berrie Springs 
Howard Springs 
Palm Creek 
Table 7.4 continued 
Streams 
Lees Creek, Tributary 1 
Lees Creek, Tributary 2 
Lees Creek, Tributary 3 
Lees Creek, Site 2 
Condor Creek 
Cotter River 
Pierces Creek 
F1ea Creek 
Bogong Creek 
Swampy Plains River 
Leather Barrel Creek 
Tanjil River 
Bellell Creek 
Steavenson River 
Goulbum River 
Boggy Creek 
Rocky Creek 
Rain forest stream 
Korrumbyn Creek 
Roper River 
Berrie Springs 
Howard Springs 
Palm Creek 
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Table 7.5 Additional species of hyphomycetes recorded via sampling of foam from south-
eastern Australian streams mainly additional to those streams listed in Table 7 .1 
a) Identfied to species 
Anguillospora furtiva 
Descals ined 
Articulospora tetracladia sens. lat. 
species complex 
Brachiospheara tropicalis 
Nawawi 
Camposporium pellucidum 
(Grove) Hughes 
Flabellospora amphibia 
(Price & Talbot) Descals 
Lateriramulosa ainflata 
Matsushima 
Lateriramulosa uniinflata 
Matsushima 
Stenocladiella neglecta ? 
Marvanova & Descals 
b) Species tentatively identified to genera 
Tetracladium apiense 
Sinclair & Bicker 
Tetracladium maxilliforme 
(Rostrup) Ingold 
Tricladiopsis foliosa 
Descals 
Tricladium castaneicola 
Sutton 
Tricladium marylandicum 
Crane 
Tricladium procerium 
Marvanova 
Volucrispora aurantiaca 
Haskins 
Volucrispora graminea 
Ingold, McDougall & Dann 
Arborispora ? sp.111 Blastobotrys ? sp.107 Isthmotricladia ? sp.120 Tricellula ? sp.110 
Arborispora ? sp.121 Dendrospora ? sp.66 Pestalotia ? sp.141 Tridentaria ? sp.128 
Articulospora sp.126 Flabellospora ? sp.62 Retiarius ? sp.106 Trinacrium ? sp.118 
Articulospora sp.127 Isthmotricladia ? sp.119 Subulispora ? sp.102 
c) Apparently undescribed species 
unknown sp.13 unknown sp.90 unknown sp.99 unknown sp.117 
unknown sp.21 unknown sp.91 unknown sp.100 unknown sp.122 
unknown sp.28 unknown sp.92 unknown sp.101 unknown sp.123 
unknown sp.43 unknown sp.93 unknown sp.105 unknown sp.124 
unknown sp.52 unknown sp.94 unknown sp.108 unknown sp.131 
unknown sp.59 unknown sp.96 unknown sp.109 unknown sp.135 
unknown sp.85 unknown sp.97 unknown sp.115 unknown sp.136 
unknown sp.89 unknown sp.98 unknown sp.116 
Spores of all species are illustrated in appendix (i) 
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7.4. DISCUSSION 
7.4.1 Comparisons between the fune;al flora of different streams 
The major finding of this chapter, highlighted by the classification of streams in terms of 
their fungi, is that streams in the same region tend to have very similar hyphomycete 
communities, and that the more distant and different the region, the more different is the 
mix of fungi found. Thus with one exception, the hierarchical classification placed all 
streams in their correct regional grouping in the Northern Territory, northern N.S.W. or 
southern N.S.W. (Figure 7.1). The exception, Flea Creek in southern N.S.W, was 
grouped together the with the northern N.S.W. streams. The inclusion of Flea Creek in 
this group is likely to have occurred because Flea Creek is located at low altitude on the 
north-western facing slopes of the Brindabella ranges and was sampled in Summer when 
the water temperatures were up to ten degrees higher than the other southern streams 
sampled in spring. Flea Creek was also found to contain mainly the warm water form of 
L. cymbiformis and was the only southern stream containing C. chaetocladia. 
7 .4.2. Species richness 
Of the 60 species of aquatic hyphomycetes recorded from streams in the present 
component of this study, the largest number of species (max 32) recorded per stream 
occurred in south-eastern Australian streams, and the smallest number of species (min 5) 
from streams, in the Northern Territory. Average aquatic hyphomycete species richness 
in the various streams sampled in the three different regions appears to be more related 
to latitude which itself is probably expressed through temperature effects. The hot 
streams in the Northern Territory averaged six species per stream, the warm streams 
from northern NSW sixteen species per stream and the cool water streams of south-
eastern Australia twenty eight species per stream (Table 7.2). 
7.4.3. Number of spores 
The denser and taller the forest canopy the greater is the litterfall, thus litterfall is higher 
in rainforests than in open woodland or grasslands. The positive correlation between 
litterfall and total spore numbers in a stream has been previously demonstrated in 
Chapter 5. 
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It is therefore not surprising that streams flowing through the remnant rain forest of 
northern N.S.W. had a much greater number of spores per litre (12,182 & 11,160), than 
the streams flowing through open forest regions of south-eastern Australia (maximum 
5,000; mean 1320 L-1 ), which was in turn greater than the grass and Pandanus-lined 
Palm Creek in the Northern Territory which had the lowest number of spores (56 L-1) 
and the Roper River (Dry season deciduous, open woodland, 130 L- 1) in the same 
region. 
Even within the same region, differences in riparian vegetation structure can produce 
large effects in the number of fungal spores in a stream. In northern NSW streams 
flowing through native eucalypt forest had only one fifth of the spores found within 
streams flowing through remnant rainforest, while in the Northern Territory, streams 
with riparian monsoon rainforest had from 14 to 40 more spores than streams with 
riparian vegetation consisting of Pandanus sp. and grasses (Table 7.2). 
7.4.4. Comoarison between species richness and number of spores. 
It is interesting that there is no obvious relationship between species richness and total 
number of spores across the three regions. Streams of northern NSW had the highest 
number of spores but well below the highest number of species, in fact streams in south-
eastern Australia all had a higher species richness than any of the streams in northern 
NSW (Table 7 .2). Even within the northern NSW region the stream with the most 
species (Rocky Creek; 19) had one fifth of the spores of the rain forest stream which had 
sixteen species (Table 7 .2) 
7 .4.5. Representativeness of Lees Creek 
It is clear from the data that the aquatic hyphomycete community of Lees Creek is 
typical of streams of this region, and it and two of its tributaries fall out in the same sub-
sub group within the larger group of southern streams. Like other aquatic hyphomycete 
communities in streams in the southern group, it exhibits higher species richness and 
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diversity then northern streams studied (i.e. more and many prominent species, and not 
dominated by a single species). 
Based on all of the above, it would seem that the aquatic hyphomycete community 
present at the main sampling site (Site 1) of Lees Creek is representative of hyphomycete 
communities in other upland south-eastern Australian streams, and hence very suitable as 
the subject for the detailed studies presented in the previous chapters. 
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CHAPTERS 
GENERAL DISCUSSION & CONCLUSIONS 
8.1. SPECIES OF AQUATIC FUNGI DETECTED IN THE PRESENT STUDY 
8.1.1. Number of species 
One hundred and thirty six fungal species were detected during the present study. These 
species have been illustrated in Appendix (I). Eighty nine of those are staurosporous in 
overall morphology (includes species with wispy appendages), three are ovoid to semi-
ovoid, with the remaining forty six species being variations on a filiform theme (includes 
helical, falcate, lunate, sigmoid and fusarioid forms). 
Those fungi identified to species include fifty five aquatic hyphomycetes and two species 
of Entomophthorales. A further twenty eight are tentatively identified to genera of 
aquatic hyphomycetes and one species to the Entomophthorales. The remaining sixty 
species are unidentified and may include species of Hyphomycetes, Coelomycetes and 
some ascospores. 
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8.1.2. Reliability of identification 
The identification of fungi based on spore morphology alone, varies in reliability. Many 
of the staurosporous species are very distinct morphologically and can be identified with 
almost absolute certainty. The only exceptions arise from attempts to identify malformed, 
immature, and fragmented spores, and spores within those genera which have been 
divided into numerous speeies with very similar morphologies (e.g. Tricladium 
Tetracladium and Alatospora). Evolution has in a number of instances also led to the 
convergence of spore shape amongst species from different genera (Ingold 1974) (e.g. 
Tetrachaetum elegans versus Geniculospora inflata (Ingold) Nilsson ex Marvanova & 
Nilsson; and Jaculispora submersa Hudson & Ingold versus Naiadellafluitans). 
Difficulties are considerably greater with identification of filiform spore types because of 
the limited range of reliable characteristics available for distinguishing such 
morphologically simple spores. Only a knowledge of spore development can absolutely 
resolve uncertainty with identification. In the present study over 2000 leaf disks have 
been examined from Lees Creek, and considerable confidence is felt in identifications of 
species arising from mycelia in these. Similarly, membrane filtration samples of free 
spores detected from the same Lees Creek community could be addressed with 
reasonable confidence. However, there was inevitably less confidence in the reliability of 
identifications of species in streams of the different regions studied in Chapter 7, where 
only detached spores were examined. In these cases I have tended to be conservative in 
my determinations. 
Spore morphologies from a single species are often variable and this introduces another 
level of difficulty. Aimer and Segedin (1985a) illustrated variability found in Lunulospora 
curvula from New Zealand streams. A similar degree of variability in this species was 
also recorded over the range of streams examined in the present study. In the warm 
water streams of northern NSW and the Northern Territory L. curvula was long and thin 
with a distinct buldge as the spore bends in a right angle, while in cooler southern NSW 
and Victorian streams this species was much shorter and stouter. A similar trend of spore 
elongation with increasing warmth of water appeared to occur with spores of 
Anguillosporafiliformis, Flagellospora penicillioides, Lunulospora cymbiformis and to 
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a lesser extent with Tricladium chaetocladium. The variability found within L. 
cymbiformis was such that two forms have been recognized here: a cool water form and 
a warm water form. The cool water form (L. cymbiformis sp.1) is the most abundant 
form of the species in all but one of the streams of south-east Australia. The warm water 
form (L. cymbiformis sp.15) was most common in streams of northern NSW. This warm 
water form, Lunulospora cymbiformis (sp.15) became detectable in Lees Creek (Site 1) 
only during summer and early autumn. It is worth noting that while Aimer and Segedin 
(1985a) encountered some difficulty in distinguishing between L. cymbiformis and L. 
curvula, these two species were quite distinctive in Lees Creek. However, samples of 
these species from the nearby Molonglo River confirmed that these two species can be 
difficult to discriminate between on occasions. 
Problems in identification aside, it is likely that the majority of the 88 unidentified spores 
belong to as yet unidentified species of hyphomycetes. Not all species will be aquatic, 
particularly the species represented by spores entrapped in foam collected after recent 
rain, as spores of some species may have been washed in from soil or terrestrial litter, or 
off the surfaces of leaves during rain. Ando and Tubaki (1984) have reported a diversity 
of hyphomycete species isolated from rain drops on intact surfaces of tree and grass 
leaves. Those species had spores which shared common morphological themes with the 
aquatic hyphomycetes. 
8.1.3. Reeional patterns in the distribution of Australian aquatic hyphomycetes. 
Evidence provided in the previous chapter showed that the streams sampled in this study 
fell into three major groups according to the composition of the hyphomycete present 
within the streams. In terms of a species presence, species richness and the relative 
contribution each species makes to the stream spora, aquatic hyphomycete communities 
occurring in streams of the same region evidently have more in common with each other, 
than they have with communities occurring in streams from more distant regions. In 
streams of moister areas of mainland Australia it seems that there is a decreasing species 
richness of aquatic hyphomcetes the further north a stream is located (Chapter 7) 
The named species of aquatic hyphomycetes found in the present study have all been 
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previously found outside of Australia and many have a wide geographic range (Section 
8.1.4.; & listing provided in Webster & Descals 1981). Even though the mechanism 
enabling dispersal of aquatic fungi across and between continents has not been 
adequately explained, it seems likely that species found in the south-east of Australia 
should at some stage have had the opportunity to colonize litter in streams of the 
Northern Territory. Even though entirely different species of plants line the streams in 
the two widely separate regions, evidence on litter preference and specificity (Chapter 4) 
suggest that differences in riparian vegetation are unlikely to be a major factor in 
accounting for the discrepancies in species composition between the streams of the 
Northern Territory and those of South-East Australia. Any effect of riparian vegetation 
on the composition of the stream spora would seem likely to be more subtle and to 
operate at the within-region level, more-or-less influencing which species dominate the 
stream spora rather than what species are present in the stream. 
It seems likely that in this case the physical factors (such as water temperature & and 
associated dissolved oxygen concentrations) differing between the Northern Territory 
streams and the streams of South-Eastern Australia are the most likely explanation for 
the differences detected in species richness and composition between streams in the two 
widely separated regions. In the warm-water, species-poor streams of the Northern 
Territory, only one species L. curvula (commonly considered to be a warm water species 
in the northern hemisphere e.g. Suberkropp (1984)) was also common to the cooler 
waters of upland South-Eastern Australia. No other species from the south of Australia 
appeared to be able to withstand the conditions present in the Northern Territory 
streams. 
8.1.4. Comparison with hyphomycete species lists from elsewhere. 
Some useful comparisons can be made with list of species recorded from previous 
Australian studies (Cowling 1963, Price 1964, Swart 1986 & Tubaki 1965), and studies 
from land masses near Australia (New Zealand; Aimer & Segedin 1985a & Malaysia; 
Nawawi 1985), as well as with extensive species lists produced from India (Sridhar et al. 
1992), Austria (Regelsberger et al. 1987), England (Shearer & Webster 1985a) and 
Canada (Biirlocher 1987). 
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8.1.4.1. Previous Australian studies 
Cowling (1963) listed 28 described species of aquatic hyphomycetes which he detected 
in streams in NSW; 21 of those have been found in the present study. Spores of a further 
six undescribed species illustrated in Cowling's (1963) work also appear to be identical 
with species found in the present study. Price (1964) listed 20 described species of 
aquatic hyphomycetes from some South Australian streams; thirteen of these were also 
found in the present study. A further seven species from the present study resemble 
unknown species illustrated by Price (1964). Twelve species of aquatic hyphomycetes 
were listed from Tasmania by Tubaki ( 1965) and twenty described species were listed 
from Victoria by Swart (1986). In the present study ten of the Tasmanian species and 
thirteen of the Victorian species were found. On average, 71 % of the named species 
recorded in the above studies were also found somewhere in Australia during the present 
study. 
8.1.4.2. Comparison with New Zealand 
Aimer & Segedin (1985a) identified 43 described species of aquatic hyphomycetes from 
a survey of New Zealand streams, together with two described species of 
Entomophthorales. Both species of Entomophthorales were found in the present study, 
as were 27 of the described species of New Zealand aquatic hyphomycetes. A further ten 
of the 49 undescribed species whose spores were illustrated by Aimer & Segedin 
(1985a), appear to be identical with species recorded in the present study. The greatest 
similarity between the species listed by Aimer & Segedin (1985a) and the described 
species from any Australian region was with the species from nothern NSW. However 
this is slightly misleading since all but one of the described species from northern NSW 
were also recorded from streams of SE Australia. A more realistic assessment is to 
compare streams of SE Australia with New Zealand, where 24 of the 43 described New 
Zealand species were also in the group of 52 described species from SE Australia 
recorded in the present study. Overall, 64% of the named species recorded by Aimer & 
Segedin (1985a) for New Zealand were also found in Australian during the present 
study. 
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8.1.4.3. Comparison with Malaysia 
Sixty five described species (including aquatic & terrestrial hyphomycetes and some 
conidial Basidiomycetes) were reported from Malaysian streams by Nawawi (1985). Of 
those Malaysian species, 23 were also detected in the present study, and a further four of 
the 28 spores belonging to undescribed species illustrated by Nawawi (1985) were found 
in the present study. The greatest similarity between Malaysia and the Australian regions 
is with the Northern Territory, where three of the four described species found in the 
Northern Territory were also found in Malaysia (Table 8.1). By contrast there were only 
twenty species in common between the 65 Malaysian species recorded by Nawawi 
(1985) and the 52 species recorded in SE Australia in the present study. Overall, 34% of 
the described species recorded in Malaysia by Nawawi (1985) were also found in 
Australia during the present study. 
8.1.4.4. Comparison with India 
Sridhar et al. (1992) have provided a list of described species of aquatic hyphomycetes 
derived from 39 published Indian studies (predominantly from tropical regions. Seventy 
six hyphomycetes and two species of Entomophthorales are reported as occurring there. 
Twenty six of the Indian species of the hyphomycetes and both species of 
Entomophthorales were also found in the present study. The greatest similarity between 
India and the Australian regions is with the Northern Territory where three of the four 
described species found in the Northern Territory were also found in India (Table 8.1). 
Only 23 of the 76 Indian hyphomycete species recorded Sridhar (1992) were found 
among the group of 52 species recorded in SE Australia. Overall, 33% of the species 
reported from India by Sridhar et al. (1992) were also found in Australia during the 
present study. 
Table 8.1 Number of named species of aquatic hyphomycetes from overseas listsa which are common to regional areas of Australia 
Australia New Zealand Malaysia India Austria Canada 
55b 43b 6Sb 76b S6b 6Sb 
Northern 4c I 1 3 3 1 2 
Territory 
Northern 17c I 16 13 13 8 10 
NSW 
South eastern 52 I 24 20 23 27 25 
Australia 
Notes a. Sources forming the basis of these data are: New Zealand (Aimer & Segedin 1985); Malaysia (Nawawi 1985); India (Sridhar et al. 
1992); Austria (Regelsberger et al. 1987); Canada (Barlocher 1987) 
b. Bold type figures are totals of named species recorded for countries and regions 
c. Three species in the Northern Territory, and one species in northern NSW were not found in SE Australia 
8.1.4.5. Comparison with Northern Hemisphere studies in temperate regions 
(Austria, Canada & England) 
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Three studies from the multitude of published works on the aquatic hyphomycetes in 
streams from the northern hemisphere have been selected for comparison with the 
present study. One study (Regelsberger et al. 1987) surveyed four eastern Austrian 
streams having different water chemistry and flow characteristics, and found 56 
described species of aquatic hyphomycetes. Twenty eight of those species were also 
recorded in the present study, and five of the 28 undescribed species illustrated by 
(Regelsberger, et al. 1987) appear identical to species found in the present study. Overall 
50% of the described species found in Austria were also found in Australia. 
Another study, was that of Barlocher (1987), who sampled ten, first to second order, 
streams flowing through mixed deciduous and coniferous forests in New Brunswick and 
Nova Scotia (Canada). In those Canadian streams 65 described species of aquatic 
hyphomycetes were recorded, of which 26 species were also recorded in the present 
study. Overall, 40% of the Canadian species found by Barlocher (1987) were also found 
in Australia during the present study. 
The third study serving as a basis for comparison is that of Shearer & Webster (1985a), 
since they have provided the most extensive list of described species yet recorded from 
any single stream (River Teign, England; 53 species). Comparing that stream's mycoflora 
with the full species list for Lees Creek alone where 29 described species have been 
recorded (Chapters 4 & 5), 21 species were found to be common to the two streams. 
Overall 40% of the described species recorded by Shearer & Webster (1985) were also 
found in the present study of Lees Creek. 
8.1.5. Overall trends. 
In the present study, differences between streams in terms of the species composition of 
the aquatic hyphomycetes appeared to be related to latitude. Thus it is not surprising that 
in comparisons made in Section 8.1.4., in the following pattern of increasing dissimilarity 
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was found between the overseas records and this study; southern Australia < New 
Zealand< Austria< England & Canada< India & Malaysia (Table 8.1). That is to say, 
the aquatic hyphomycete species composition of temperate streams in both north and 
south hemispheres has more in common with each other, than either has with the 
mycoflora of tropical streams lying between them. 
Tropical regions are often considered to be reservoirs of high biological diversity for 
many plant and animal taxa (May, 1990). However, from the limited data obtained in the 
present study, the aquatic hyphomycete species richness of the tropical streams from the 
Northern Territory and from the rainforest streams of northern NSW was lower than that 
of SE Australia (Chapter 7). After a literature survey of studies of aquatic hyphomycetes 
in temperate and tropical regions Wood-Eggenschwiler & Barlocher (1985) reported that 
greatest numbers of species are found in temperate reqions of the world rather than in 
tropical regions. Barlocher (1992a) has suggested that in tropical regions leaves may be 
extensively modified by terrestrial and aerial fungi before entering the stream. Perhaps 
under such circumstances these leaves may represent a poor resource, being capable of 
supporting only the most resilient of aquatic hyphomycetes. Notwithstanding resource 
quality issues, another factor of paramount importance limiting species richness in 
tropical streams could be high water temperatures and corresponding low dissolved 
oxygen concentrations. 
8.1.6. Representatiyeness of Lees Creek 
Evidence provided above, and in Chapter 7, clearly demonstrates that the aquatic 
hyphomycete community of Lees Creek is representative of streams from the SE 
Australian region. These data also provide a good guide by which to judge how much it 
has in common with communities in streams from more distant regions. Also, because 
the total number of species found through Lees Creek is about twice that upon which the 
specific comparison in Chapter 7 was based, where the stream was sampled only on one 
occasion, it is likely that the communities within Australian streams from the same region 
may in fact have even more in common than indicated by that single sample. For 
example, of the 29 described species of aquatic hyphomycetes recorded from Lees Creek 
during the entire study period (Chapters 4 & 5), only 19 were recorded in the sample 
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represented in Table 7.4 (Section 7.3). Of the extra ten species not included in that single 
sample from Lees Creek, all were found in one or more of the other streams sampled. 
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8.2. DOWNSTREAM CHANGES IN THE FUNGAL SPORA 
8.2.1. Downstream changes in spora of Lees Creek 
8.2.1.1. Total number of species 
Fungal species richness increased with distance downstream, but the changes are much 
greater near the sources of Lees Creek than lower down in the main stream. Thus for the 
first ten metres from a source, new species appeared at the rate of one additional species 
per two metre length of stream. Around 100 m this had fallen to one species per 50 m 
length of stream; and three to four kilometres further down the creek (after Site 2) this 
had fallen further to about 1 species per 500 m. Between the last two to three sites ( 6 - 9 
km from sources) there was effectively no change in species richness. 
Transport of material entering a stream is unidirectional. Once a species has colonized a 
section of stream its spores essentially contribute to the propagule pool in only a 
downstream direction. For a species to be detected in the headwater it will need to have 
had a primary colonization event there. Such an event could well be by the arrival of an 
airborne spore, since of the twenty seven aquatic hyphomycetes thus far known to 
reproduce sexually, all but one discharge their spores freely into air (Webster 1992). 
Once that primary colonization event has occurred, secondary colonization will occur in 
a cascade downstream from that point onwards. Every successful secondary colony 
increases the chance of further downstream dispersal and colonization. So from the point 
where it becomes firmly established, a fungus will probably be present in all regions 
down the stream, unless changed conditions occur which no longer support the growth 
of that species, or competitive factors displace it. 
None of the individual detrital resource units colonized by aquatic hyphomycetes persist 
in the stream forever; leaves generally decomposing faster than bark, which in turn 
decomposes faster than wood (Chapter 3). Thus species could be expected to be more 
readily lost from the stream near the source, where there is less secondary waterborne 
inoculum, than lower down the stream. Their reappearance would then be dependent on 
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the arrival of fresh primary inoculum coincidently with some fresh litter. 
A larger significance of primary inoculum in the headwaters is that it would introduce an 
element of chance into the species composition of the fungal communities there, so that 
adjacent primary streams in the same region and under the influence of essentially the 
same geology and vegetation, could have significantly different hyphomycete 
communities. This was observed to be the case for the two sources of Lees Creek 
(Chapter 6). 
In recent years there has been a realization that detritus is not the only resource 
colonized by aquatic hyphomycetes. Aquatic hyphomycetes are now known to occur as 
endophytes in the roots of riparian vegetation (Fisher & Petrini 1989; Fisher et al. 1991; 
Sridhar & Barlocher 1992a&b) although no Australian species of the riparian flora have 
been examined. It is possible that populations of aquatic hyphomycetes colonizing such 
roots will be relatively resistant to changes in detrital litter availability and the effect of 
unidirectional water flow characteristic of stream systems (Sridhar & Barlocher 1992b ). 
The colonization of tree roots could also provide species with a refuge when the stream 
dries out. While little is really known about the dynamics of hyphomycetes colonizing 
roots of riparian vegetation, such behaviour, if it should prove to be common, may offer 
the potential for greater stability of aquatic hyphomycete communities in the headwaters 
of streams than envisaged above. 
It would seem logical that the further a stream travels the greater the chance of more 
species being added, and the greater the competition for sites, so that the downstream 
flora probably more reliably reflects those species best adapted to live in that particular 
stream. The fact that the number of species tends to plateau about 6 km down Lees 
Creek would be consistent with this view (Chapter 6). 
8.2.1.2. Total number of spores 
Spore populations in the tributaries of Lees Creek examined in the present study are 
characterized by very rapid increases in numbers over short distances, e.g. in one 
example from zero spores at the source, to 550 L-1 within the first 15m. By contrast the 
main section of Lees Creek (Sites 2 to 6, after the confluence with Blundells Creek) 
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shows more modest rates of change e.g. the maximum rate observed was an increase 
from 2437 spores L-l to 3669 spores L- l over a distance of 1.4km. None of the changes 
in overall spore counts along sections of Lees Creek bordered by a constant native 
riparian vegetation, can be directly related to any change in riparian vegetation, the factor 
which has been used to explain such differences in spore counts detected between sites 
by Shearer & Webster (1985a); Akridge & Koehn (1987). It does, however, seem likely 
that the decrease in spore counts between Sites 5 & 6 in the main section of Lees Creek 
is related to a reduction in canopy cover over the stream induced by replacement of 
native vegetation by exotic pine forests and blackberries. 
8.2.1.3. Spore concentrations of individual species 
One striking difference between the fungal spora of the tributaries and the main section 
of Lees Creek is the behaviour of spore concentrations of individual species. In the 
tributaries, a species' spore concentration often fluctuated erratically over short distances. 
The most dramatic example was due to the stream going underground; spores don't 
travel well through 140m of earth! Other changes in spore concentrations occurred as the 
stream flowed through a pond or reed/fern bed, however, these changes were not 
consistent among the species present and it is not really clear what processes were 
occurring. In the main section of Lees Creek a change in spore number for a species was 
more gradual and predictable (Chapter 6). To attempt to better explain changes in spore 
concentrations of individual species along a stream it is necessary to look to the detailed 
dynamics of spore inputs to a stream and spore losses from a stream. 
8.2.2. Comoarison with oreyious studies of changes in spora along water ways 
As pointed out in the general introduction, there appear to have been only three previous 
quantitative investigations of hyphomycete spore populations at different points along a 
waterway: in England (Shearer & Webster 1985a); in the USA (Akridge & Koehn, 1987) 
and in Germany (Suberkropp et al. 1988). The general findings from Lees Creek are in 
broad agreement with those other studies: both spore concentrations and species richness 
tending to increase progressively downstream. However, most similarities stop at that 
point. 
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Unlike Lees Creek, which flows from the source until Site 5 through essentially the same 
type of native sclerophyll forest vegetation, differing only in the dominant species of 
Eucalyptus present, the three previous studies of Shearer & Webster (1985a), Akridge & 
Koehn (1987) and Suberkropp et al. (1988), were carried out along rivers in which the 
characteristic stream vegetation changed markedly at some point. 
Thus the tributary of the Teign River sampled by Shearer & Webster (1985) initially 
flowed through mostly treeless moorland until site 1 approximately 2 km from the 
source, then joined the North Teign River, which mostly flowed through woodland to 
site 3 approximately 18 km further downstream. This change in vegetation from 
moorland to woodland was reflected in a dramatic change in rates of net spore 
increment: from approximately 80 spores L-l km-1 upstream of site 1 (assuming source 
had zero spores), to approximately 1200 sporesL-1 km-1 between sites 1 & 2 and 
between sites 2 & 3 for the month of highest spore concentrations (November). 
In the San Marcos River in Texas USA (Akridge & Koehn 1987) the first 1.6 km after a 
dam site which emitted depauperate spore concentrations, ran through scattered 
vegetation, and the second site 1.6 km ran through dense mixed species vegetation. 
Again this abrupt change in vegetation was reflected by changes in the net increment 
rates of spores into the river: 58 spores L- l km-1 between sites 1 and 2; and 721 spores 
L-l km-1 between sites 2 and 3. 
Essentially both these studies were set up to see whether changes in vegetation along 
waterways, were reflected in hyphomycete spore concentrations and species richness. 
The inferred vegetational effects were so marked, that it is not really possible to 
distinguish downstream effects per se, as attempted in the present study. 
The section along the River Erms in Germany studied by Suberkropp et al. (1988) was 
much more complex, involving vegetational changes, several urban areas and two 
sewage inf alls. Although the nature of the vegetation along the river was not well 
described, it appears that there was a change from meadow upstream of site 2, to heavily 
shaded (presumably tree lined) banks below site 2. This change in vegetation from site 2 
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is again reflected in the net increment rates of spores (November data): approximately 
600 and 820 spores L-1 km-1 above sites 1 & 2; compared with 17 60 spores L-1 km-1 
between sites 2 & 3a. Below site 3a and halfway between sites 4 & 5 there were sewage 
inflows and quite dense urban areas. The net spore increment rates for these lower 
sections of the stream were 2200 spores L-1 km-1 between sites 3 & 4, falling sharply to 
650 spores L-1 km-1. Suberkropp et al. (1988) concluded that there were no effects of 
the sewage inflows, which is consistent with the next increment rates between sites 3 & 
4, but leaves a question about the reasons for the substantially lowered net increment 
rates between sites 4 & 5. Perhaps there is an undescribed change in vegetation in that 
region, but if not it is possible that there is in fact some downstream effect of the sewage 
plants. 
8.2.3. Dynamics of chanees in snore populations 
To fully understand changes in total spore concentrations and spore concentrations of 
individual species along a stream, it is going to be necessary to analyse the detailed 
dynamics of spore inputs to a stream and spore losses from a stream. This aspect has 
previously received no attention from mycologists. 
During this study, a start was made in trying to understand the dynamics of spore 
population changes, by building a continuous systems model, based on simple 
assumptions about the way in which spores became added and lost from the stream. It 
was argued that in a stable, homogeneous stream, spores would be added arithmetically 
to a body of water as it flowed along, but that the chance of a spore becoming trapped 
on an obstacle or sedimenting out would be constant, so that a population of such spores 
would decline geometrically and best be described in terms of its half life. The operation 
of the model lent confidence to these assumptions, especially where it proved possible to 
simulate the actual changes in concentration of three fungal species along a more stable 
section of Lees Creek. 
The model showed how the interaction of arithmetic input rates with geometric loss rates 
made it possible for spore concentrations to change, even when input/output rates remain 
constant. But it predicted that if rates remained constant for sufficient distance along the 
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stream, an equilibrium would eventually be reached. The recognition of this tendency to 
equilibrium, suggested a graphical test which could be applied to relatively stable 
sections of stream. This involved plotting rate of change in spore concentrations against 
mean spore concentrations to see if this produced a straight line relationship. Any 
straight lines could then be extrapolated to the axes intersects to extract the underlying 
input rate and the equilibrium spore concentration from which the half life could be 
calculated. By this method the input rates and half lives of three species were derived, 
and used as the basis for a computer simulation which closely matched their actual 
behaviour. 
8.2.4. Different patterns of spore input 
An interesting by-product of the graphical analytic procedure above, was the recognition 
of three kinds of pattern of spore inputs into the stream. These were: (i) arithmetic, with 
constant inputs along the stream; (ii) geometrical, with increasing inputs along the 
stream, and (iii) irregular inputs. 
(i) Graphical analysis revealed that three fungi (Alatospora acuminata, Clavariopsis 
aquatica and Tetrachaetum elegans) had an arithmetic input and fitted the model 
perfectly (Chapter 6). In other words they appeared to be evenly distributed along the 
stream and releasing a constant input of spores per unit distance of stream. 
(ii) The graphical analysis for the three other fungi which gave linear relationships 
between net increment rate and total number of spores, is shown in Figure 8.la. In these 
cases, Flagellospora penicillioides, Anguillospora crassa and Tricladium 
chaetocladium, the straight lines are rising away from the axis, which is interpreted to 
mean that spore numbers were being added to the stream geometrically. It may also be 
significant that the graphs for the two sinuate spore types, F. penicillioides and A. 
crassa, if projected backwards, originate close to the axes zero intersect. The increase in 
spore numbers appears to be following an autocatalytic pattern. This pattern of spores 
might represent a present pattern of abundance of fungal colonies which had been 
previously generated in a cascade manner down the stream as discussed earlier. The 
pattern could also of course result from a progressive change in some physical or 
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chemical variable along the stream, as occurred with temperature (Chapter 6), provided 
that such a change had a non-linear influence on growth and spore production. 
(iii) Spores of other fungi formed no consistent pattern when analysed in the above 
manner. Two examples of such fluctuating patterns of occurrence are shown in Figure 
8.1, for spores of Anguillosporafiliformis and an unknown species Sp. #20. 
From the existence of six linear patterns above, and the specific evidence that three such 
fungi had very similar h,alf-lives, it is reasonable to assume that rates of loss probably 
change relatively little along the lower stream. On that assumption, those fungi which 
show discontinuous and varied distribution downstream might be considered a 'variable 
input' group of species. 
There is a need to apply the graphical analytical technique to data from other streams, to 
test whether the same patterns found here are reproduced elsewhere, and also whether 
the same pattern attaches to the same fungi in different streams. The three fungi which 
fitted the 'arithmetic input' model were all tetraradiate spored species, and two of the 
fungi which fitted the 'geometric input' pattern were both sinuate spores. This correlation 
between spore structure and population pattern suggests there may be an underlying 
functional relationship. 
The different patterns of change down the stream may reflect different strategies for 
exploiting the environment, which might involve different litter preferences, competitive 
ability or tactics of spore dispersal. A finer scale spatial study should reveal something 
about the 'variable input' species, and give some clue as to whether they are more 
specific for nutritional resources or local environmental conditions than those species 
showing a continuous input. 'Arithmetic input' fungi may represent those species 
endemic at consistent levels on a wide variety of litter types, or those occurring on 
continuously available persistent litter such as woody materials. Litter preferences for 
two of the species shown A. acuminata and Cl. aquatica, have been found to fall into 
the latter category (Section 8.5 below). 
Figure 8.1. Analysis of some more real data - by plotting rate of change of spore 
concentration against spore concentration. 
a) Linear relationships obtained with three spore populations which were not 
tending to equilibrium. 
Circles - Flagellospora penicillioides 
Triangles - Anguillospora crassa 
Squares - Tricladium chaetocladium 
b) Two examples of spore populations which did not give a linear 
relationship 
Stars - Anguillospora filiformis 
Diamonds - Sp. 20 
Data are from Lees Creek, Australian Capital Territory (section 6.5) 
Key: Su and Sn are adjacent measures of spore concentration, L km upstream 
or downstream with respect to each other. 
Figure 8.1 
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8.2.5. The influence of stream structure on input and Joss rates 
From the various estimates of spore input and loss rate (Chapter 6), it was evident that 
these differ markedly between the headwaters of the stream and the main stream. In the 
headwaters, both input and loss rates were high (e.g. input rate 10,000 L-1 km-1 with 
half lives of 0.05 km); in the main stream both input and loss rates were much lower (e.g. 
input 200 L -1 km-1 with half lives around 1.0 km). This difference was the underlying 
reason for the more labile nature of spore populations in the headwaters. The difference 
in input rates is probably due to two factors. The first is that the riparian vegetation 
along, and overhanging, a narrow stream, probably contributes much more litter per unit 
volume of water, than the vegetation alongside a broader stream or river. (There will 
perhaps be some counterbalancing action to this, as because some litter being exported 
downstream from the headwaters to the lower, slower moving stream.) The second 
factor is that spores are produced over the surface of litter, most of which lies on the 
base of the stream. In small streams, the area of stream base is high in relation to the 
volume of water. By contrast, in larger streams the area of the stream base becomes 
much less in relation to the stream volume. For example, if a stream is considered 
simplistically as having a cross-section equal to half a circle, the perimeter (stream bed) 
would increase linearly with increasing stream width, while the cross-section area (stream 
itself) would increase by the square with increasing stream width (Figure 8.2). The result 
is that the spore-emitting surface does not keep pace with the spore-receiving volume of 
water, as the stream increases in size. 
Downstream reduction in spore loss rate, expressed as a lengthening of half-life, is no 
doubt also related to the second factor above. To be lost from the stream, spores must 
end up on the stream bed or on litter attached to the stream bed, so again as the surface 
area of the stream bed decreases relative to the stream volume, there is a reduced chance 
that the random movement of the suspended spore will bring it into contact with surfaces 
to impact or sediment on to. Another contributing factor to higher loss rates in small 
streams is probably the higher incidence of obstacles, as the retention of suspended 
particles in a stream is influenced by the frequency of obstacles in a stream (Young et al. 
1978). Bilby and Likens (1980) have shown that the smaller the stream the greater the 
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retention of material via the action of debris dams. In Lees Creek large debris dams are 
rare. But with the relatively high proportion of twigs and long bark strips of E. viminalis 
entering the stream, these frequently become trapped against obstacles in the stream or 
caught up against the stream bank in the ferns and sedges which trail into the stream, 
then act as traps for fallen leaves. The net effect is that all along the narrow upper 
reaches of Lees Creek there are many obstacles within the stream for spores to be 
collected upon. 
Figure 8.2 Changing profile of a stream with increasing distance from its source 
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8.3. SEASONAL CHANGES IN THE FUNGAL SPORA 
8.3.1. Seasonal changes in snore concentration in Lees Creek compared with 
seasonal chan~es oyerseas 
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There are strong seasonal trends in spore concentrations within Lees Creek, as shown in 
Figure 8.3 which juxtaposes records from three separate years. Notwithstanding some 
variation in detail, in each case there was a period of low spore concentrations during 
June to October (winter/spring in the southern hemisphere), and a period of high spore 
concentrations from around January to April (summer/autumn in the southern 
hemisphere). 
Data for these three years are averaged and presented in Figure 8.4a, for comparison 
with results from a study by Aimer & Segedin (1985b) of a New Zealand stream 
(Nihotupu stream, 0.5 - 1 m wide, which flows 15 - 50 cm deep through a thick conifer 
and evergreen broadleaf forest) (Figure 8.4b) Aimer & Segedin (1985b) found high spore 
counts occurring from April to June, while lowest spore counts were recorded from 
August to December (Figure 8.4b ). 
Blirlocher and Rosset (1981) studied four European streams (two hard water streams in 
the Swiss Jura and two soft water streams in the Black Forest in the West German state 
of Baden-Wurttemberg). Spore concentrations in the three streams which flowed 
through areas with deciduous riparian vegetation showed similar seasonal patterns to 
each other. The data obtained from these three streams have been averaged and plotted 
in Figure 8.4c. High spore concentrations occurred between September and December 
and spore concentrations were low from February to July. Similar seasonal patterns were 
seen in several English streams studied by Iqbal and Webster (1973 & 1977). Indeed this 
pattern is generally typical of seasonal hyphomycete spore concentrations in northern 
hemisphere temperate streams flowing through broadleaf deciduous forests (Blirlocher 
1992b). 
The actual yearly high spore concentrations found in Lees Creek (4,000 to 8,500; 
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Chapter 5) is well within the range reported from overseas. For example the study of 
aquatic hyphomycete spores in the Rivers' Creedy, Culm, Culvery, Exe and Yeo located 
in the south east of England (Iqbal and Webster 1973), revealed spore counts ranging 
from 1,775 £-1 in the River Culvery to 8,300 L- 1 in the River Creedy. In the River 
Teign Shearer & Webster (1985a) recorded up to 22,000 spores L-1. The highest report 
is that of Webster & Descals (1981) who have reported spore concentrations of up to 
30,000 L-l. 
One clear difference between spore concentrations in Lees Creek and other streams, 
seems to be that the lowest seasonal spore concentrations (overall mean from three years 
of around 1000 £-1) from Lees Creek is higher than generally reported from elsewhere. 
In the studies oflqbal and Webster (1973 & 1977), spores were either not detected at all 
or were in very low numbers during May, June and April. A possible exception to this 
general pattern occurred in several of the European (French, German & Swiss) streams 
sampled for one year and only in March, July, September and November by Wood-
Eggenschwiler and Barlocher (1983), where minimum spore counts as high as 1096 £-1 
occurred in a Fagus sylvatica lined Jura stream. 
8.3.2. Relationships between total spore concentrations and litter availability 
8.3.2.1. Litter inputs from riparian trees and shrubs 
From the detailed studies of Lees Creek it was shown (Chapter 5) that there were high 
significant, positive correlations among spore concentrations, litterfall and water 
temperature. Of these, the relationships between litterfall and spore concentrations has 
the clearest causal connection. It can be seen (compare Figure 8.5a with 8.5b) that the 
pattern of seasonal change in spore concentrations closely follows that of litterfall, but 
tracks approximately one month behind the latter, as one would expect from the time 
taken for fungi to colonize fresh litter and reach full spore production (see Chapter 4). 
The seasonal patterns of change in spore concentration and temperature match less well 
(compare Figures 8.5a and 8.5c), especially in spring, when rising temperatures produce 
no matching rise in spore concentrations until the litterfall also rises. 
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The comparison between temperate southern and northern hemisphere situations also 
provides compelling evidence for the overriding importance of litterf all in driving 
changes in stream spore concentrations. While no published studies of seasonal changes 
in the fungal spora appear to have actually measured litter inputs into the stream, so that 
this could be correlated with spore concentrations as was done in the present study 
(above & Chapter 5), many authors have observed a strong link between the timing of 
litterfall peaks and subsequent spore peaks. For example: in the studies of Iqbal & 
Webster (1973 & 1977), the maximum spore counts which occurred between October 
and December, were related to the period of maximum leaf deposition in the streams; in 
New Zealand the peaking of fungal spores in Nihotupu Stream from April to June 
(Figure 8.4b) reflected the increasing litter levels in the stream during late summer and 
autumn (Aimer & Segedin 1985b); the seasonal peaks in spore concentrations (averaged 
in Figure 8.4c) in the three streams which flowed through broadleaf forest were ascribed 
by Barlocher & Rasset (1981) to the increase in "substrates suitable for fungal growth" 
provided by autumn leaf-fall. 
In the stream studied by Barlocher and Rasset (1981) which flowed through a pine forest 
where pine needles dominated litterfall, and where needles are shed continuously 
throughtout the year, there was no pronounced peak and no seasonal pattern evident in 
spore concentrations, which would be expected if temperature was the main controlling 
factor. 
8.3.2.2. The influence of persistant of litter contributed by trees and shrubs 
A notable feature of the pattern of spore concentrations in Lees Creek is the relatively 
high base line compared to northern hemisphere streams (section 8.3.1). There are 
probably two reasons for this. Firstly, there is a more continuous input of litter from trees 
and shrubs in this region, than in a northern hemisphere deciduous forest. Secondly, the 
nature of litter inputs are very different. In the northern hemisphere most of the litter is as 
leaves in the autumn, with some floral parts in spring. In streams flowing through 
Australian sclerophyll forests, as well as the photosynthetic organs, there are substantial 
inputs of woody fruits, shed bark, twigs and small limbs (Chapter 3). 
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Overall inputs of photosynthetic organs from trees and shrubs account for a maximum of 
56% of the litter entering Lees Creek, and 18 % of that was phyllodes of Acacia 
melanoxylon (Chapter 3), which are thicker and more fibrous than leaves of deciduous 
trees. The proportion of leaves forming litter input into temperate northern hemisphere 
streams is much higher than into Lees Creek. For example, in Denmark leaves accounted 
for as much as 84.7% of litterfall (lnversen et al. 1982), and in three Canadian streams 
leaves represented 64.5 to 80% oflitter entering the streams (Conners & Naiman 1984). 
Phyllodes, bark and twigs have been shown (Chapter 3) to be successively more resistant 
to decay than the E. viminalis leaves, and hence persist in the stream for longer periods. 
Bark seems to remain up to a year, while small twigs evidently persist for several years. 
Consequently, there is probably a much more continuous supply of nutrient substrate in 
which aquatic hyphomycetes grow and survive in Lees Creek and similar Australian 
streams, compared to their northern hemisphere counterparts. 
8.3.2.3. The influence of changing water levels on spore concentrations. 
Lees Creek at, and upstream of, Site 1 is thickly lined with sedges and ferns, the dead 
parts of which are readily colonized by aquatic hyphomycetes (Chapter 4). During winter 
and spring, when the water levels are consistently higher than summer and early autumn, 
the dead sedge leaves and fern fronds trail into the water and may contribute an 
important amount of litter at that time. This provides another explanation for a 
substantial winter base level of spores. 
8.3.3. Seasonal cham:es in the proportions of different fun1:al species 
The continual input of spores throughout the year into Lees Creek provided a singular 
opportunity to observe and record seasonal changes in the relative abundance of different 
hyphomycete species in a way which would probably be impossible in many northern 
hemisphere streams lined with deciduous vegetation. It was found that while the seasonal 
occurrence of individual species was often complex in detail, and varied somewhat from 
year to year, some clear general patterns emerged (Chapter 5). 
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The most striking of these was the seasonal oscillation in concentration of L. 
cymbiformis spores, from a very consistent low level through winter/spring to very high 
counts during summer/autumn. The rise in spore numbers of this fungus closely 
paralleled the summer peak in litterfall, and made the major contribution to the overall 
mix of fungal spore numbers at that time. Three other species, L. curvula, Flagellospora 
sp.33 and F. penicillioides, had similar sharp patterns of winter/spring low versus 
summer/autumn high, but the magnitude of their summer peak was much less, and in 
relative terms they only managed to maintain the same percentage of total spores through 
that period. 
In marked contrast to these was another group of fungi, which did not respond at all to 
the seasonal litter peak. Alatospora acuminata, Clavariopsis aquatica and 
Culicidiospora aquatica, appeared to have no seasonal pattern at all, merely sharing 
short-term oscillations about a more or less constent level of occurrence. Some of the 
brief peaks appeared to coincide with higher rainfalls, and correlations of Cl. aquatica 
peaks actually showed a significant correlation with rainfall, so part of the small-scale 
variation can be ascribed to that factor. 
Anguillospora crassa was another fungus which did not respond to the summer/autumn 
litter input, and was characterized by irregular short-term peaks against a low 
background occurrence. Unlike the three above, however, its spores seemed overall to be 
more abundant in the winter. 
8.4. RELATIONSHIP BETWEEN SPORES IN STREAM AND MYCELIAL 
COLONIES IN STREAM LITTER 
8.4.1. Funei in litter as a source of spores in the stream 
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It is evident (above) that there is a close relationship between the total amount of 
decaying litter in the stream and the total concentration of aquatic hyphomycete spores 
released into the stream. This presumably reflects the total amount of fungal mycelium 
developed in that litter, since both Suberkropp (1991) and Findlay & Arsuffi (1989) have 
shown spore production to be closely linked to mycelial biomass present in a resource. 
It is reasonable therefore to suggest that the actual mix of spore types must also bear a 
relationship to the mix of fungal species active in the stream litter. In this study, good 
agreement was indeed found between the constituents of stream spora catches and the 
fungal spora produced from a combination of different litter types taken from the stream 
at the same time of the year. Table 8.2 (columns 1 & 2) lists the ten most common 
species detected by the direct membrane filtration of spore from the stream water, and by 
incubating eight naturally entrained litter types from the stream, using the accumulated 
data collected during extended periods in summer/autumn and in winter/spring. From 
these two columns it can be seen that eight of the ten most common species detected 
during the summer/autumn period were common to both spore catches from the stream 
and the output of spores from a mixture of litter types. In winter/spring the four most 
common species in the stream spora were the same four most common species emitted as 
spores from colonies in the litter. Other features of agreement between stream spora and 
spores emitted from naturally entrained litter, were that Cl. aquatica and A. acuminata 
were each higher in the ranking order in winter and spring than in summer and autumn. 
Also, although its ranking order changed little, L. cymbiformis was represented at a 
lower proportion of total spores in the winter according to both techniques. These 
relationships are elaborated further below. 
Table 8.2. Comparison between the major ranked species for spores released from a 
combination of eight litter types, spores in the stream, and reproductive 
output of recently inserted litter 
Rank Spores being input from Spores in the stream 
order of eight naturally entrained 
abundance litter types (aerated 
incubation) 
Summer/Autumn period <December to April) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
L. cymbif ormis 
A. cuminata 
T. chaetocladium 
F. penicillioides 
unknown sp.50 
unknown sp.47 
Cl. aquatica 
T. elegans 
unknown sp.20 
Fusarium sp.12 
Winter/Spring period (July to October) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
A. acuminata 
L. cymbiformis 
T. chaetocladium 
Cl. aquatica 
Flagellospora sp.41 
F. penicillioides 
Flagellospora sp.33 
T. elegans 
unknown sp.50 
Fusarium sp.12 
L. cymbif ormis 
unknown sp.8 
Flagellospora sp.33 
T. chaetocladium 
Cl. aquatica 
A. acuminata 
F. penicillioides 
unknown sp.47 
T. elegans 
unknown sp.20 
L.cymbiformis 
Cl. aquatica 
A. acuminata 
T. chaetocladium 
A. crassa 
Flagellospora sp.33 
unknown sp.47 
unknown sp.8 
unknown sp.20 
C. longibrachiata 
Spores collected from the 
stream on A. melanoxylon 
phyllodes and E. viminalis 
leaves recently inserted 
into the stream (tested by 
static incubation method) 
T. elegans 
T. chaetocladium 
L. cymbiformis 
Flagellospora sp.33 
F. penicillioides 
Cl. aquatica 
A. acumniata 
L. curvula 
unknown sp.47 
Cu. aquatica 
Cl. aquatica 
T. chaetocladium 
T. elegans 
L. cymbiformis 
A. acuminata 
unknown sp.50 
Flagellospora sp.33 
unknown sp.18 
C. aquaticum 
Cu. aquatica 
173 
Stream spora and litter relationships of the predominant summer/autumn species - The 
domination of the stream spora by L. cymbiformis in summer, can be explained when 
comparisons are made between the litter types dominated by this species and the 
composition of the litter entering Lees Creek at this time of the year. Spores of L. 
cymbiformis make up 80% of the spores released from samples of naturally entrained 
eucalypt leaves in both summer and autumn, but <50% of the spores released from other 
leaf types deposited in Lees Creek from the riparian vegetation (Chapter 4). In summer 
and autumn, litterfall into Lees Creek is at its highest, and the largest component during 
this time is eucalypt leaves (40% - 60%). Hence, the high spore concentrations of L. 
cymbiformis in summer/autumn derives mainly from the combination of high inputs of 
eucalypt leaves and its high representation on that resource. As well as dominating 
eucalypt litter in the stream over summer and autumn is the ability of L. cymbiformis is 
also able, to capture and apparently exploit other litter types entering the stream at this 
time of year (Chapter 4). By establishing a presence on the more persistent litter types 
(bark & twigs), as the season moves into winter and its preferred resource declines, L. 
cymbiformis is able to continue outputting spores through the winter (Chapter 5). 
Stream spora and litter relationships of the predominant winter/spring species - In 
winter and spring the two species which become most prominent in the stream spora are 
Cl. aquatica and A. acuminata (Chapter 5). This occurrence coincides with the period 
when stream flow is highest, and when sedge leaves and fern fronds become more 
important as a resource relative to components derived from litterfall. Fern fronds taken 
from the stream were found to be entirely dominated by A. acuminata, and on sedge 
leaves A. acuminata and Cl. aquatica were ranked first and second most frequent species 
(Chapter 4). 
Both A. acuminata and Cl. aquatica were also strongly represented on the more 
persistent litter types (eucalypt twigs and bark, and Acacia bark Chapter 4) as evidenced 
by their production of spores from these materials in aerated microaquaria. By being able 
to establish a strong presence on these persistent resources, these species are assured of a 
constant absolute presence in the stream, which is reflected by their more-or-less 
constant input of spores throughout the year. 
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Stream spora and litter relationships of the remaining major species - Most of the 
remaining major species also showed a correlation between spore abundance in the 
stream and spore output from samples of naturally entrained litter. For example: the 
seasonal pattern of spore abundance in Lees Creek of Cu. aquatica and T. 
chaetocladium correlated better with the input of Acacia phyllodes than with eucalypt 
leaves or total litterfall (Chapter 5). In the aerated incubation study used to detect 
mycelia in these litter types, two of these, Cu. aquatica and T. chaetocladium, showed a 
correspondingly greater frequently of occurrence on phyllodes than on eucalypt leaves 
(CHAPTER 4). The other major species whose patterns of seasonal spore abundance 
correlated best with eucalypt leaf fall (L. curvula and T. elegans) (Chapter 5), were also 
correspondingly more frequent on eucalypt leaves than on Acacia phyllodes in the 
aerated incubation study (Chapter 4). 
Summary - The above clearly demonstrates how relationships between the fungi and the 
litter resources determine the nature of the stream spora in Lees Creek. Hence spores in 
the stream are almost certainly representative of the mycelia in the litter. 
The general agreement between measures of water-borne spora and spore production 
from a mixture of fungal colonized litter types supports the findings in an earlier study of 
Barlocher (1982). He compared the spora produced from fungi colonizing oak, larch and 
spruce leaves, with the stream spora of four streams in the Swiss Jura and Black Forest. 
Percentage similarity between the stream spora and spores produced by fungi in the 
leaves ranged up to 49% for spruce, up to 53% for larch and up to 67% for oak leaves, 
in streams where these species of tree dominated the riparian flora. 
8.4.2. Spores in the stream as inoculum for fresh litter 
The above deals exclusively with how spores in the stream might be controlled by fungal 
outputs from decaying litter. The reverse side of that coin, is the extent to which the 
composition of the spore inoculum available from the stream affects the mix of colonies 
developing on fresh litter added to the system. 
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Again one would expect some relationship between the composition of the overall 
inoculum and mix of colonies which first developed: Table 8.2 column 3, lists the ten 
most frequently detected fungi commonly occurring on A. melanoxylon phyllodes and E. 
viminalis leaves artificially inserted into Lees Creek during the same times of the year. It 
can be seen in that Table 8.2 (columns 2 & 3) that there is a reasonable agreement 
between the composition of the stream spora and the fungi occurring on leaves receiving 
these spores as inoculum. In the summer and autumn period, eight of the ten most 
common species were common to both stream spora and fungi colonizing the inserted 
phyllodes and leaves. In the winter and spring period, five of the ten most common 
species were common to both. In both situations, Cl. aquatica was much more highly 
ranked during the winter and spring than in the summer and autumn. 
Some details of the coincident patterns were as follows. L. cymbiformis, L. curvula, F. 
penicillioides and Flagellospora sp.33 were recorded more frequently in 
summer/autumn on leaves and phyllodes introduced into the stream than in winter/spring, 
which fits with the seasonal pattern of spore abundance. A. acuminata and Cl. aquatica 
were recorded from inserted litter with approximately equal frequency in both halves of 
the year, consistent with the more-or-less constant abundance of spores of these species 
in the water. 
However, while it can be concluded from this that there is a relationship between spore 
inoculum available and what develops on the freshly inserted litter, there are indications 
that the equation is less than precise. For example, L. cymbiformis was less prominent 
and T. elegans much more prominent, in the leaves inserted into the stream, than might 
have been predicted from their status in the stream spora population. It appears that on a 
spore-for-spore basis T. elegans is more successful then L. cymbiformis at establishing 
colonies on leaf litter. 
Two possible explanations for the above phenomena are: (i) The tetraradiate spores of T. 
elegans are collected with a greater efficiency than the lunate spores of L. cymbiformis; 
and (ii) The larger spores of T. elegans contain greater amounts of initial reserves to 
resource the colonization of litter, than the small spores of L. cymbiformis. The first 
suggestion, that spores of T. elegans are collected at a greater efficiency than spores of 
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L. cymbiformis is lent considerable support from the experiments of Webster (1959), 
where spores from a range of tetradiate and filiform spored species were made to impact 
on collodion coated glass rods and the trapping efficiencies of each species was 
compared. Webster (1959) found that T. elegans had on average a trapping efficiency 
approximately ten times greater then the next most collected species (Articulospora 
tetracladia) and 20 times greater than Tricladium gracile a species whose spores very 
closely resemble the spores of T. chaetocladium which was also found to be prevalent on 
leaves and phyllodes. While the trapping efficiency of neither of the Lunulospora species 
was investigated, T. elegans was found to be collected at a rate of 45 times greater than 
the most frequently collected of the several filiform species studied (Anguillospora 
longissima). 
8.4.3. Cyclini: time and persistence 
8.4.3.1. Cycling time 
For the aquatic hyphomycetes colonizing litter in Lees Creek, reproduction of the earliest 
invading fungi can begin within a week of the resource entering the stream in summer, or 
around a fortnight in winter (Chapter 4). This represents the time taken for spores to 
arrive, germinate, invade and colonize the resource, and then to commence reproduction. 
It seems likely that low water temperatures in winter slowed fungal colonization of the 
leaves and phyllodes, which accounts for the difference in time to first detection between 
the winter and summer studies. Lees Creek mean water temperature was seven degrees 
higher in summer (13.2 oq than in winter (6.2 °C) at the time of immersing leaf packs 
(Chapter 3), and fungal growth rates have been shown to be influenced by temperature 
(Koske & Duncan 1974, Suberkropp 1984). In those studies, fungal growth rate 
increased as temperature increased, until an optimum temperature was reached. The 
maximum water temperature recorded in Lees Creek in the present study was less than 
the optimum temperature for maximum growth rate for the Lees Creek species for which 
temperature versus growth rate data have been published (Koske & Duncan 197 4 and 
Suberkropp 1984). 
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8.4.3.2. Time to maximum spore output 
Output of total fungal spores from fungi colonizing eucalypt leaves and Acacia phyllodes 
reached its highest level around one month after immersion in the stream. This is about . 
the time lag between maximum litter input to Lees Creek and peak spore production in 
the creek (Chapter 5). This delay is shorter than that reported by Akridge & Koehn 
(1987) where "major sporulation occurred approximately two weeks after most trees 
(Plantanus occidentalis, Carya illinoensis, Populus deltoides, Quercusfusiformis, 
Sapium sebiferum, Ulmus americana, Ce/tis laevigata, Taxodium distichum, Salix nigra 
and Acer negundo) dropped their leaves", but faster than the period quoted by Barlocher 
(1982) of eight to twelve weeks after the introduction of oak and larch leaves into a 
stream. These differences in time to maximum spore production probably reflect the 
resistance of the particular litter to the overall decomposition process. 
8.4.3.3. Persistence 
There are no specific data on how long a particular mycelium can persist in stream litter, 
but it is reasonable to assume that the period of spore output by particular species is a 
good indication of the persistence of mycelia of that species. The clearest evidence in 
support of this is where leaves have been incubated with 'alien' hyphomycete species, not 
normally present in a stream, and then studied for a period of three months (Rosset & 
Barlocher 1985). In that study it was found that some of the 'alien' fungi remained in the 
leaves for three months. 
In the present study, all of the fungal species which appeared on eucalypt leaves inserted 
into the stream, persisted as long as the leaves, i.e. up to 2 months. On Acacia phyllodes 
which remained intact longer, some species evidently persisted for up to four months. 
However, a majority of species showed decline in spore production after the first one to 
two months, and some disappeared from the phyllodes before the end of the study 
(Chapter 4). 
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On bark, which remained intact for over a year, a number of species persisted throughout 
the period of study (12 months). Prominent among these were L. cymbiformis and A. 
acuminata. Similarly with twigs studied for a year, L. cymbiformis and A. acuminata 
persisted throughout that time, although the proportional representation of L. 
cymbiformis declined markedly in the last three months of the study. Other species 
persisted for shorter periods of time (Chapter 4). In some cases this occurred because of 
their disappearance from the litter after an early appearance, e.g. A.filiformis present in 
the first month only on bark, and unknown sp.38 which disappeared after the first month 
on twigs. In other cases fungi appeared long after the litter had been placed in the stream 
e.g. unknown sp.8 was only present for the last two months on bark (Chapter 4). 
Clearly the persistence of some fungi and the duration of their occupation of litter 
resources is limited only by the persistence of the litter upon which they are growing and 
sporulating. The persistence of the resource is influenced by season, and type of litter 
(Chapter 3). Thus leaves break down faster in winter than summer; leaves break down 
faster than phyllodes which in turn break down faster than bark, with twigs slowest of all. 
Other fungi are present on the litter resource for shorter periods, either because they 
disappear from the resource while it is still intact, or because they arrive late, after the 
resource is already partly decayed. With colonization and spore production occurring 
against a background of a declining resource base, the reproductive output and hence 
future success of a fungus is going to depend on both the: (i) proportion of total litter 
which it succeeds in colonizing, and (ii) period of time during which it persists in that 
litter resource. Litter preference, which bears on the first of these criteria, and fungal 
succession, which is important for the second of these criteria, are discussed in the next 
two sections (8.5, 8.6). 
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8.5. LITTER PREFERENCES 
8.5.1. General eyidence for preferences 
In Chapter 4 the fungal communities occurring on litter were assessed in four separate 
studies, these were: collection of naturally entrained leaves and phyllodes over a duration 
of fifteen months; collection of eight different litter types for around four months in 
winter/spring and again in summer/autumn; placement and subsequent recovery over 
time of leaves and phyllodes into the stream on two separate occasions, winter/spring 
and again in summer/autumn; and lastly, the placement and subsequent recovery of 
eucalypt bark and twigs at intervals over a year. In every one of those separate studies, 
some species of aquatic hyphomycetes were found to be more prevalent on one litter 
type than another. 
Some of the more notable examples of this are as follows (from Chapter 4) The aeration 
incubation study of eight naturally entrained litter types showed that L. cymbiformis 
accounted for 70% of the spores released from eucalypt leaves and A. acuminata for 
only 5%, while on fem fronds the reverse occurred, A. acuminata accounted for 75% of 
the spores released from fem fronds and L. cymbiformis for only 5% of spores produced. 
On leaves and phyllodes of E. viminalis and A. melanoxylon placed together into Lees 
Creek, A. acuminata and T. chaetocladium were twice as common on phyllodes as they 
were on leaves, while F. penicillioides and Cu. aquatica were twice as common on 
leaves as they were on phyllodes. On the bark and twigs placed in the stream, A. 
acuminata accounted for up to 37% of the spores released from the eight bark samplings 
while on twigs it never accounted for any more than ten percent of the spores produced, 
another species F. penicillioides, accounted for upto 65% of spores produced from 
twigs, but on the bark its spores never exceeded three percent of the spora. 
Similar conclusions about the occurrence of litter preferences have been reached by 
Chamier & Dixon (1982) who compared fungi occurring on oak and alder leaves. 
Suberkropp (1984) also provided evidence of litter preference, showing that 
Tetracladium marchalianum was very common on hickory leaves and almost absent on 
oak leaves, while Triscelophorus monosporus was very common on oak leaves and 
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almost absent on hickory leaves. 
Thus it was concluded in Chapter 4 that there was clear evidence for litter preferences 
although no evidence was found for absolute litter specificity amongst the aquatic 
hyphomycetes present in Lees Creek. This latter is perhaps to be expected, since many of 
the named species of aquatic hyphomycetes found in Lees Creek have previously been 
found in streams flowing through the deciduous forests of the northern hemisphere 
(Section 8.1) with entirely different tree genera and different environmental conditions at 
litterfall. 
8.5.2. Suggested mechanisms for pref ere nee 
The demonstration of litter preferences amongst the aquatic hyphomycetes (above), leads 
to the obvious question of how such preferences might arise? In other words are there 
some important differences among the fungal species which has some bearing upon their 
success on a particular litter type? At some stage, beginning with attachment of the 
spore, through to reproduction, some species are relatively more successful than others 
on a particular litter type. 
Possible mechanisms for litter preference include the following: (i) differences in gross 
physical structure of the litter resources differentially affect impaction efficiency of 
different fungal spores; (ii) differences in fine physical structure differentially affect 
penetration and invasion by fungi; (iii) litter types may contain differing types and 
amounts of nutrient compounds, favouring the colonization by some fungi over others; 
(iv) different litter types may contain different inhibitory chemicals disadvantaging some 
fungi more than others; and (v) because different resources decay at different rates, a 
durable resource has often had a much longer exposure to the stream spora and to fungal 
colonization than a more ephemeral resource, leading to an apparent rather than real 
litter preference. These mechanisms are discussed below. 
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8.5.2.1. Selective transmission 
Differences in the physical structure of the litter, (i) and (ii) above, are likely to play a 
role in litter preference, since there is considerable diversity in the size and shape of 
aquatic hyphomycete spores. This diversity presumably has some adaptive significance 
related to the problem of achieving impaction and then invasion of the litter resource. By 
analogy with impaction of airborne spores (Whitney 1976) one would expect the 
impaction efficiency to vary directly with spore size and water velocities, and inversely 
with the size of a litter target e.g. a large flat leaf compared to a small twig. Webster 
(1959) has shown further that spore shape of aquatic hyphomycetes also influences 
collection efficiency, with tetraradiate spores being collected more efficiently than 
filif orrn spores, and these more efficiently than small spore tending towards cylindical 
shapes. 
It is also reasonable to presume that soft leaf tissues and dense hard material of wood or 
some barks would require different colonization strategies. For example, the presence of 
the cuticle and epidermis on conifer needles was suggested by Michaelides and Kendrik 
(1978) to form a barrier capable of slowing the colonization of conifer needles by aquatic 
hyphomycetes. 
8.5.2.2. Selective invasion and colonization 
Nutritional factors - Evidence against the overriding importance of the nutritional 
explanation (iii) above is the fact that a number of the same fungal species can derive 
sustenance from a wide variety of plant litter components in widely separated parts of the 
world (Webster and Descals 1981). Nevertheless, Charnier (1985) pointed to differential 
enzymic responses among species of aquatic hyphomycetes and suggested that the ability 
to utilize cellulose was positively correlated with persistence of a species colonizing alder 
leaves. However, Suberkropp et al. (1983) and Butler & Suberkropp (1986) have found 
that the activity of fungal enzymes in culture studies are not always commensurate with a 
species' ability to degrade leaf or woody materials. It is possible that differences in the 
level of fungal nutrients (sugars, proteins, starch, cellulose, etc.) present in different plant 
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products, together with differing enzymatic abilities between fungi, may provide a small 
part of the explanation for litter preferences. In the present study there were, for 
instance, a few fungi which appeared to be disadvantaged by extractive treatments 
(especially the complete series of extractions), e.g. A. tetracladia, F. penicillioides and 
unknowns sp.18 & sp.47 on eucalypt leaves which could be interpreted to mean that key 
nutrients might have been lost to them. 
Inhibitory chemicals - The presence of inhibitory chemicals (iv), which differ 
considerably between plants, is also known to have a selective effect on fungi (Swift 
1976 and Bengtsson 1983). Biirlocher and Oertli (1978) reported that extracts of conifer 
needles contained substances which inhibited the growth of aquatic hyphomycetes in 
cultures. Even within the same plant, there can be seasonal changes in: leaf tannin 
concentrations (Feeny 1970); a range of other chemical constituents (Mauffette and 
Oechel 1989); and in 'woodiness' (Haslam 1988). Eucalyptus viminalis leaves have been 
reported to contains oils up to one percent of mass (largely cineole) (Baker & Smith, 
1920). The following phenols are also present: pinene; phellandrene; and sesquiterpene, 
all compounds in classes which contain known inhibitors. A perceived problem with the 
action of inhibitory compounds in the aquatic environment, is that to have an effect they 
must be mobilized, yet once mobilized they may be diluted and washed rapidly away 
from the plant tissues. Tannin and less soluble materials which impregnate tissues might 
act more effectively through interference with the actions of fungal enzymes, some of 
which are associated with fungal walls rather than as freely diffusing entities. Acacia 
phyllodes which are generally more resistant to decay than leaves of E. viminalis 
(O'Keefe and Lake 1987; Campbell 1992b & Chapter 3), appear to have high tannin and 
lignin levels (Cork and Pahl 1984). 
Strongest evidence obtained in the present study which lends some support to the 
inhibitory explanation for litter preferences among aquatic hyphomycetes comes from the 
extractive leaching experiment applied to E. viminalis leaves and Acacia phyllodes 
(Chapter 4). At least one, and often all, of the extractive leaching treatments speeded up 
cycling of many species and more importantly, it increased the overall frequency of 
occurrence for at least eight species occurring on eucalypt leaves or Acacia phyllodes. 
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8.5.2.3. Physical versus chemical factors 
In the present study, it seems likely that on the undoubtedly chemically different leaves of 
three very different species (A. melanoxylon, E. viminalis and P. aspera), the fungal 
floras were more similar to each other, than the fungal floras of the structurally different 
organs (i.e. leaves, bark and twigs) of the same species (E. viminalis) (Chapter 4). This 
suggests that structural features are ultimately more important than chemical features in 
influencing litter preferences. 
8.5.2.4. Differences in litter decay rates 
The question of different resources decaying at different rates, (v) above, is more subtle 
and might be responsible for an apparent, rather than actual preference. After following 
the pattern of fungal colonization on oak and maple leaves over time, Barlocher & 
Schweizer (1983) reported that the reproductive output of a species is linked to the time 
of arrival of a species on a resources, and within the first few weeks of a leaf entering a 
stream the dominant members of the fungal guild are determined for the remainder of the 
decay period. A piece of durable litter such as wood, which has been in the stream a long 
time, might have received its initial and most influential inoculum at a completely 
different season of the year compared to a piece of ephemeral litter sampled along with 
it. Seasonal differences already discussed (Chapter 4), and known differences in the 
stream spora (Chapter 5) indicate that this factor alone could lead to a different mix of 
fungal species emerging. But see also the following section on succession (8.6). 
8.5.2.5. Summary 
The litter preferences shown by the different species of aquatic hyphomycetes in this 
study are probably based on a combination of the factors identified above. However, for 
the present, the mechanisms controlling litter preferences and seasonal shifts in litter 
preferences among the aquatic hyphomycetes remain to be fully elucidated. 
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8.6. FUNGAL SUCCESSION ON THE LEES CREEK LITTER 
Succession has been defined by Lincoln et al. (1982) as "the chronological distribution of 
species within an area". Garrett (1963) considered the fungal succession on dead plant 
tissue to be "comparable to an autogenic plant succession found in the colonization of a 
new or changed habitat by vegetation of higher plants". In such a successional process 
amongst plants, there is often a gradual replacement of species as each new colonizer 
modifies the habitat and thus facilitates the establishment of later species. The 
comparison between fungal succession and plant succession ends at this stage, however, 
because plants usually progressively improve the habitat for later arriving species via the 
addition of dead plant remains to the soil, whereas fungi progressively deplete the finite 
resource unit that they have colonized. During the process of decomposition the resource 
also undergoes changes in its chemical composition. In the case of stream litter, chemical 
fractions which have been reported to change include: phosphorus, nitrogen, lignin, 
sugars, polyphenols, sodium, potassium, calcium, magnesium and aluminium 
(Suberkropp et al. 1976; Meyer 1980; Chamier et al. 1989). 
8.6.1. Evidence for succession 
The basis for comparing the fungi in the litter is the production of spores. This receives 
support from Suberkropp (1991) who concluded that "sporulation is a reliable indicator 
of aquatic hyphomycete activity within leaves in streams", based upon a laboratory study 
where levels of sporulation positively correlated with biomass and respiration. I 
recognise that in matters of fine timing, the period between first arrival and first 
reproductive activity may not necessarily be the same for each species, although the 
advantages of early reproduction on non-persistent litter, previously been pointed out, 
suggests that differences are unlikely to be great. 
The implications of cessation of reproduction are more clear than for its onset. If 
sporulation ceases, it is reasonable to conclude that conditions are either no longer 
favourable for a fungus to reproduce or that it has exhausted its resources. Such 
situations may not strictly fulfil Swift's (1976) concept of succession, which requires the 
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replacement of one species by another, but the overall outcome is still the same: i.e. the 
fungus can no longer make use of the litter to contribute to the next generation. 
Ideally, the best evidence of succession should come from a detailed observation of a 
particular resource over the entire period that the particular resource is capable of 
supporting fungal populations. In the present study this has not been entirely possible 
because: (i) the methods used to determine what species were present were often 
destructive of the resource area under examination (e.g. leaf disk method); (ii) the same 
resource was used for other studies (e.g. mass loss determinations); and (iii) when the 
resource was not destructively sampled (e.g. via the aeration incubation procedure) there 
was a potential for disruption to the community present in the resource, and return to the 
stream for later recovery may have led to artifacts in the data. To overcome the above 
difficulties the standard procedure of taking different replicates sampled destructively has 
been used, although as Barlocher (1992b) suggests "this inevitably introduces additional 
uncertainties". The main difficulty is that the sampling procedures may merely represent 
the chance occurrence of individual fungi on different pieces of the resource (Cooke & 
Rayner 1984). Lying behind that difficulty is a problem of scale, which is that succession 
occurs at a microhabitat level, whilst observations are made on a much larger scale 
(Swift 1976). 
The evidence for successional change in aquatic hyphomycete communities occurring on 
litter in Lees Creek comes from two separate studies involving leafy materials in one 
instance (eucalypt leaves and Acacia phyllodes) and persistent materials in the other 
(eucalypt twigs and bark) being inserted into the stream and sampled over time. In each 
case evidence was found for three recognizable phases of species colonization of a 
. resource: early, middle and late. 
For example: on the leaves and phyllodes T. elegans & L. cymbiformis dominated the 
early stage of decomposition (up to 100% of disks colonized at a sampling time) then 
proceeded to decline rapidly in occurrence. In the middle stages of decomposition 
Flagellospora sp.33 rose to prominence on leaves and phyllodes as did Cl. aquatica on 
Acacia phyllodes. In the later stage of decomposition Cl. aquatica and A. acuminata 
became more prominent on eucalypt leaves and A. acuminata became the most 
frequently detected species over the last third of the decomposition period on Acacia 
phyllodes, (Section 4.4.2.3. Fig. 4.6) 
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On bark and twigs Clavatospora longibrachiata, and unknown sp.50 occurred relatively 
more frequently in the first month or two than at any time later. In the middle stages of 
the study a few species appeared to become definitely more frequent in the spore catch 
for a month or two. These included: Flagellospora sp.41 on twigs and bark; and 
unknown sp.20 on twigs. In the later stage of the study a number of other species rose to 
prominence including: A. crassa, D.foliicola, unknown species 20 & 40 on twigs; and A. 
crassa and Cl. aquatica on bark. 
Such changes as are outlined above provide clear evidence of succession in the sense of 
chronological change in dominance occurring among the aquatic hyphomycete 
communities colonizing litter in Lees Creek. Other researchers have also presented 
evidence of this kind of succession occurring. For example: Chamier & Dixon ( 1982) 
reported indications that "an element of succession" was occurring on oak leaves which 
were slow to decay, although they could detect none on rapidly decaying alder leaves. 
Also, Chergui & Pattee (1988b) found Lemonniera aquatica and a species of 
Flagellospora to be more frequent on alder and poplar in the early stages of 
decomposition, while Anguillospora longissima and Tricellula aquatica reached their 
maximum in the later stages of decomposition. 
After a review of the literature, Barlocher (1992b) has suggested that "an orderly 
sequence of individual fungi, or groups of fungi, become dominant at successive stages 
of leaf decay is rare", except where fungi are influenced by seasonal changes in water 
temperature e.g. Suberkropp (1984) and Webster et al. (1976). A difficulty here is that in 
the northern hemisphere, natural leaf fall occurs coincidently with a period of declining 
temperatures and so it is difficult, if not impossible under these circumstances, to 
disentangle the effects of leaf fall and any effects of declining temperature. Barlocher 
(1992b) notes for instance thatLunulospora curvula consistently appears early on litter 
during the warmer period, while A. acuminata is more common in later litter samples 
during cooler temperatures. However, in the present study the successional process 
presented on the eucalypt leaves occurred over a change in water temperature of only 
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1°c, during the warm season, and most of the successional changes on Acacia phyllodes 
were evident during the first 90 days, a period when change in water temperature was 
only 2°c during the cold season. Therefore it seems that in Lees Creek, changes in water 
temperature are not the main factor influencing the occurrence of succession. 
A point of particular interest, which emerges from a comparison between Barlocher's 
(1992b) review and the present study, is that where there are adequate data for the same 
species, there is good agreement between the northern hemisphere reports and the 
present findings in the southern hemisphere concerning the position of species within the 
litter successions. The clearest examples of this are T. elegans - most commonly in early 
samples, and A. acuminata - almost always more common in later samples. Cl. aquatica 
was more common in the later stages of decay in Lees Creek; in northern hemisphere 
studies it was more common in later samples or common throughout, with no records of 
it being more common in the early stages. While there are few northern hemisphere 
records for the specific species found in Lees Creek, Lunulospora and Flagellospora 
species in general were most commonly recorded as declining in later samples, which fits 
with their early or mid phase occurrence in Lees Creek litter. 
With the exception of L. curvula and F. penicillioides where Australian data (Chapter 4) 
supports Barlocher's conclusions that these two species are warm water or summer 
fungi, there is no evidence tying the successional pattern of occurrence of other fungi on 
litter in Lees Creek to temperature or other environmental condition factors. So there is a 
case here for considering that these coincidences point to autogenic rather than allogenic 
successional factors at work. 
8.6.2. Mechanisms of autogenic succession in stream litter 
8.6.2.1. The terrestrial model 
Fungal successions on terrestrial detritus have received considerable attention, and so it 
is natural to look to these to provide a possible model for succession in the aquatic 
environment. 
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The central themes and rationale which run through studies of fungal succession on 
terrestrial litter were enunciated primarily by Garrett (1956, 1963) and are as follows. 
Groups of nutrients in chemically complex plant residues are depleted successively in the 
order: (i) sugars and other soluble nutrients; (ii) non-lignified cellulose, hemicellulose and 
simpler polymers; (iii) lignified cellulose, cutins, waxes and more complex polymers. This 
order represents decreasing accessibility of these nutrient categories, and is the order in 
which they would be consumed by a single pure-cultured fungus capable of utilizing all 
of them. Thus sugars can usually be readily taken up, requiring only appropriate 
membrane transfer enzymes and in some cases phosphorylation. For cellulose to be used 
it must first be subject to external digestion to soluble residues, and the expenditure for 
this additional processing is withheld until simpler compounds are consumed, cellulase 
enzymes being repressed in the presence of readily assimilable glucose. 
In terrestrial leaf litter, different groups of fungi tend to utilize the above three 
categories, with the Oomycetes and Zygomycetes often prominent in the first 'sugar' 
phase, Deuteromycetes and Ascomycetes prominent in the middle 'cellulose' phase, and 
Basidiomycetes prominent in the third 'lignin' dominated phase (Garrett 1963). 
Amongst the attributes which fit fungi for these different roles are: (i) sugars go to those 
fungi which achieve most rapid colonization of the resource, by virtue of widespread 
propagules, rapid germination, and fast linear growth of hyphae; (ii) these 'sugar fungi' 
are soon displaced by fungi which put more energy into manufacture of some digestive 
enzymes, and into antagonistic mechanisms such as antibiotics with which to protect 
territory while this slower process of nutrient acquisition is carried on; (iii) the last fungi 
to achieve dominance on the now nutrient depleted and chemically unpleasant 
environment (containing antibiotic fungal byproducts and predominantly lignified plant 
tissues) are slow growing fungi with diverse sets of extracellular enzymes, and a high 
tolerance to toxic chemicals (particularly antibiotics produced by early members of the 
succession Griffin 1972) in the environment. 
Subsidiary themes, pendant on the above, are represented by mycophagic parasites and 
predators (Deacon 1984). A further minor theme is the 'secondary sugar fungi' which can 
grow alongside phase (ii) or (iii) fungi and utilize products of their digestion (Garrett 
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1963; Hudson 1986). 
8.6.2.2. Possible mechanisms in stream litter 
Viewed against the terrestrial model, it seems that stream litter could never show such a 
marked and extended succession. The ephemeral nature of stream leaf litter, which is 
subject to physical breakup and export as small pieces in the flowing water, probably 
precludes the development of anything like the 'lignin' third phase, except perhaps on all 
but the most resilient of leaf types. The 'lignin' phase may find a parallel on submerged 
wood, but a difficulty there might be the fact that fungal breakdown of lignin is an 
oxidative process, and wood may become internally anaerobic when submerged. 
At the other end of succession, 'sugar fungi' in the aquatic environment are probably 
represented by zoosporic fungi of the Pythiaceae, Saprolegniales, and Blastocladiales. 
Twigs recovered from a stream after 12 days of submersion by Shearer & Von Bodman 
(1983) were stated to have "massive growths of blastocladiaceous and saprolegniaceous 
fungi", growth of these fungi then declining thereafter. Zare-Maivan & Shearer (1988) 
isolated a number of species of aquatic fungi including Hyphomycetes, Ascomycetes and 
a species of Pythium from twigs which had been submerged for only a week and 
compared the enzymatic abilities of these fungi. They found that the Pythium species was 
by far the least capable of degrading cellulose and pectins. I have noticed the coarse 
mycelia of Oomycete fungi to appear within a few days, but they do not seem to persist 
past one to two weeks of immersion (pers. obs). Such fungi have not been regarded as a 
significant factor in the decomposition of leaf litter and few species are known to have a 
cellulolytic capability. It is not clear whether the assumed unimportance of Oomycetes in 
leaf decomposition is because they have not been studied much in that context, or 
whether the rapid aqueous leaching, characteristic of artificially dried leaves placed in the 
stream by experimenters rapidly removes their preferred nutrients before they have a 
chance to establish and utilize them. Evidence for this later suggestion has been provided 
by Barlocher (1991) who found Oomycetes to be more common on fresh submerged 
alder leaves in the first few weeks than on dried submerged alder leaves. 
The earliest hyphomycetes to appear, require a week or more to complete a lifecycle 
190 
(Chapter 4) and would seem to be poor candidates for inclusion in the 'sugar fungi' role. 
So, a reasonable conclusion from all of the above, is that the hyphomycete invasion of 
stream litter forms a parallel mainly with the middle and major decomposition phase of 
terrestrial litter, with some possibility of extension into the final phase in the case of more 
persistent litter. 
This view is certainly consistent with the absence of dramatically different stages in the 
hyphomycete succession on stream leaf litter. But even within the limits of an extended 
'cellulose' phase, the evidence for 'early' versus 'late' species within that implies some 
specialization of functioning. One obvious probability is that 'early' species, have 
somewhat more effective transmission which leads to early establishment. So it is 
probably significant that two of the 'early' species, T. elegans and T. chaetocladium, 
have some of the largest tetraradiate spores within the Lees Creek hyphomycete 
comrriunity. Tetraradiate spores have been shown to be more efficient impactors then 
sinuate spores (Webster 1959), and their large size probably supplies large quantities of 
energy available for rapid invasion and establishment on the resource. 
The other prominent early invader in Lees Creek is L. cymbiformis. Generally far and 
away the most abundant spore type in the stream, this probably represents an alternative 
strategy - prolific production of small spores to saturate the stream environment and 
ensure that spores are everywhere on hand to attach to freshly arrived litter. The review 
ofBarlocher (1992b) points to an interesting difference between T. elegans and L. 
curvula (morphologically and ecologically similar to L. cymbiformis) on the one hand 
and some other fungi such as T. marchalianum on the other. While other hyphomycete 
fungi are noted as showing strong cellulolytic activity, T. elegans and L. curvula were 
contrasted as having given at best "variable results" in this regard. Chamier (1985) for 
example reported that T. elegans showed no enzymatic activity on A vicel (a crystalline 
cellulose substrate). Perhaps then 'early' species are mainly dependent upon the 
utilization of pectins and starches and to some extent hemicelluloses and need to get to 
these first, since the cellulolytic fungi can most probably also utilize these more available 
nutrients if present. 
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8.7. ECOLOGICAL PROFILES OF SOME PROMINENT FUNGI 
The high species richness of the hyphomycete community in streams such as Lees Creek 
provides the opportunity for, and indeed might be seen as being only justified by, some 
differentiation between ecological roles of different fungi. 
The concentration of several different types of study on the one stream, Lees Creek, over 
more than three years, has provided some tentative insights into the roles of some of the 
major fungi found there. Salient features of ten of the most frequent species are 
sumarized below. 
8. 7 .1. Lunulospora cymbiformis 
Lunulospora cymbiformis is a very common species in streams of temperate Australia 
and in New Zealand streams (R. Aimer PhD thesis summary), and in terms of spores in 
the water is overall the most abundant species in the central region of Lees Creek. It 
clearly owes its prominent place there to two things: (i) the rapidity of its population 
increase on the main ephemeral litter input in that region of the stream, i.e. the summer 
fall of eucalypt leaves; and (ii) its ability to continue to function throughout the colder 
winter period. 
The rapid summer population increase in L. cymbiformis spores is probably related to its 
production of numerous small spores. This is an efficient dispersal strategy at a time 
when a large and rapid input of fresh leaves provides a multitude of new microhabitats 
available for colonization. Under these circumstances the fungus which outputs the most 
units of inoculum per mycelium is probably in a position to commandeer the largest share 
of the new resources. And as it progresses through repeated life cycles, a fungus with the 
largest spore output would also have the highest potential rate of increase. The large 
summer peak of L. cymbiformis allows it also to achieve good representation on more 
persistent litter types. Its ability to persist on some of these other resources through the 
winter, in turn provides for a substantial initial level of inoculum at the start of the next 
season's period of leaf litter input. However, it is a fungus of the 'early' stages of 
succession, and generally shows decline in abundance on litter with time. 
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Two forms of L. cymbiformis were recognized during this study. These were 
morphologically distinct and also had a different distribution. The second form was 
clearly better adapted to warmer water than the first, being found only in summer to 
early autumn in Lees Creek, and appearing very prominently in Flea Creek (a warm west-
facing stream) and four creeks in northern NSW. It predominated over the first form in 
all of those warmer streams. 
8. 7 .2. Lunulospora curvula 
Lunulospora curvula was most frequently detected in Lees Creek during summer. It was 
one of the most frequent species detected in the streams of the Northern Territory and 
was geographically the most widespread species in Australia. It is a common species 
reported from northern hemisphere hemisphere, where in temperate regions it tends to be 
found in greatest abundance during summer. In Lees Creek during the summer peak leaf 
fall period it increased at the same time as L. cymbiformis, but commenced from a lower 
initial inoculum level and increased at a slower rate, so that it peaked well below the 
latter. Clearly L. curvula is limited in Lees Creek by its failure to cope with the cold 
winter temperatures. Like L. cymbiformis it is a characteristically 'early' species in the 
ecological succession on leaf litter in Lees Creek. 
8. 7 .3. Alatospora acuminata 
Alatospora acuminata contrasted markedly with L. cymbiformis and L. curvula 
according to all the main ecological criteria: (i) A. acuminata maintained a-more- or-less 
constant level of spore inoculum in Lees Creek throughout the year; (ii) it tended to 
increase and become most prominent late in successions, and (iii) based upon spore 
release patterns it was generally more frequent on persistent resources such as bark, 
twigs, sedge leaves and fern fronds, and less frequent on eucalypt leaves. 
Alatospora acuminata's occurrence on persistent litter types, is probably responsible for 
its very even distribution along Lees Creek, where its spores were found to be added at a 
constant arithmetic rate over a three kilometer section. Its more-or-less consistent level 
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of annual abundance is also no doubt a reflection of its predeliction for persistent 
resources, which are available to sustain this species continuously throughout the year. 
In the northern hemisphere A. acuminata is considered to be a cold-water species, which 
is borne out to an extent by its geographical distribution in Australia: common in the 
south-east of Australia; rare in northern NSW and absent in the Northern Territory. 
8.7.4. Clavariopsis aguatica 
Clavariopsis aquatica showed similar behaviour to Alatospora acuminata: for example 
maintaining a more-or- less constant level of spore inoculum in Lees Creek throughout 
the year; and tending to increase in the late successional stages on leaves and phyllodes. 
Cl. aquatica was most common on sedge leaves and Acacia phyllodes, but reasonably 
frequent on all litter types, which accounts for the relative constancy of its stream spora 
through the year. Its occurrence on persistent litter types is also no doubt responsible for 
its very even distribution along Lees Creek, where its spores, like those of A. acuminata, 
were added at a constant rate over a three kilometer section. The preference of Cl. 
aquatica for sedge leaves may partly explain the correlation between occasional spore 
peaks and rain, due to rises in the creek level contacting more of the stream-edge 
vegetation. Clavariopsis aquatica tends to be more prominent in the late stages of 
succession. 
Clarariopsis aquatica had a similar geographical range to A. acuminata, being most 
common in S.E. Australian streams, infrequent in northern NSW and absent in the 
Northern Territory. 
8. 7.5. Flaeellospora penicillioides 
Like the Lunulospora spp. F. penicillioides has a summer/autumn peak in occurrence as 
indicated both by spores in the stream, and its occurrence on leaves an phyllodes. 
However, unlike the Lunulospora spp. it does not have a strong preference for eucalypt 
leaves, being in fact much more prominent on eucalypt twigs, both on naturally occurring 
and on those inserted into the stream. While detectable throughout, it rose to prominence 
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in the middle stages of the succession on eucalypt leaves and Acacia phyllodes inserted 
into the stream in summer. On twigs it was commoner later, with a peak occurrence as 
the bark started to slough off. It would seem a likely candidate for a strong cellulolytic 
role. 
Flagellospora penicillioides, as well as being moderately common in S.E. Australian 
streams, was particularly abundant in two rainforest streams from northern NSW. Its 
failure to reach significant levels on leaves and phyllodes inserted into the water, and its 
high positive correlation with temperature, taken together suggest that this species might 
be partly limited by the winter temperatures in Lees Creek. 
8. 7 .6. Flagellospora sp.33 
Flagellospora sp.33 in general shares the same properties as F. penicillioides: with a 
summer/autumn peak of occurrence; a broad correlation with peak litterfall but without 
any special association with eucalypt leaves; and a role in the middle stages of 
succession. It also had a high positive correlation with temperature, but this appears to 
be simply linked to the seasonality of total litter, as Flagellospora sp.33 was most 
common in S.E. Australian streams, and occurred quite frequently on leaves and 
phyllodes inserted into Lees Creek in winter. 
8.7.7. Tetrachaetum elegans 
Tetrachaetum elegans is in many ways the most interesting of the major species. At first 
sight it appears to be full of contradictions. Thus it was the most commonly encountered 
fungus on leaves and phyllodes inserted into the stream and the second commonest on 
naturally entrained leaves and phyllodes examined, yet it only ranked tenth in terms of 
spore abundance, accounting for less than 2% of all spores in the stream. Overall, it 
made its maximum contribution to the stream spora during the summer/autumn period 
coinciding with peak litterfall, yet both measures of its occurrence as mycelia in litter 
show it to be very abundant throughout the whole year. Also, while it shows a general 
preference for leaves and phyllodes over the more resistant types of litter, its spores were 
added to the stream in a constant arithmetical manner like those of fungi common on 
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recalcitrant litter such as A.acuminata and Cl. aquatica, and like the latter two, its spore 
concentrations were enhanced by recent rainfall. 
However, many of these apparent discrepancies can be reconciled by consideration of the 
role of T. elegans in the resource succession. It is evidently the very first of the 
hyphomycete successional order, occupying 70-80% of the excised disks within 16 days 
of insertion of leaves and phyllodes into the stream, ahead of L. cymbiformis even (30-
40% of disks occupied at that time). T. elegans probably needs to be in first in order to 
access the more soluble and readily assimilable nutrients, and it achieves this by having a 
large tetraradiate spore, which gives it a very high impaction efficiency and abundant 
resources to fuel a rapid invasion process. The much larger spores of T. elegans relative 
to many other aquatic hyphomycetes would mean that the number of spores per unit 
mycelium must be commensurably low. Also, preferring as it does leaves and phyllodes, 
even though it achieves a very high success rate of colonizing those which are present, 
the low incidence of this type of litter in winter must also be reflected in lowered spore 
concentrations in the stream. For some reason the spore concentration will tend to rise as 
the number of leaves increases in the stream, although it is perhaps significant that a 
really large summer/autumn peak of T. elegans spores only occurred in one of the three 
years monitored, and that was the year (1989) when major summer/autumn dominants, 
L. cymbiformis and F. penicillioides, were less prominent than usual. Perhaps this 
reflects effects of competition between T. elegans and L. cymbiformis for first place. 
T. elegans occurs reasonably commonly in S.E. Australian streams, becoming rare to 
absent in the north of Australia. Probably it favours the cooler temperatures. 
8.7.8. Tricladium chaetocladium 
Tricladium chaetocladium, like T. elegans, also has relatively large tetraradiate spores, 
and it showed a number of parallels with the behaviour of T. elegans. It was the second 
most frequently encountered fungus on disks and phyllodes inserted into Lees Creek, and 
the most common fungus on naturally occurring leaves and phyllodes. It was rather 
better represented in the stream spora being ranked equal third in order of abundance, 
with 5% of the total spores. Like T. elegans, T. chaetocladium gave its highest spore 
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peak in the summer of 1989, with lesser peaks in other summer/autumn periods. It also 
had a fairly consistent presence in the stream spora during winter and, like T. elegans, 
spore concentrations showed a positive correlation with recent rainfalls. It was present 
throughout the year on disks from both naturally occurring and inserted leaves and 
phyllodes. 
The same ecologicale rational applies to T. chaetocladium as to T. elegans, i.e. that it is 
a first stage colonist, with a preference for the more ephemeral litter resources, and uses 
large, efficiently impacting, and well resourced spores to achieve rapid colonization. It 
shows the same southerly geographic distribution as T. elegans. 
8.7.9. Am:uillospora crassa 
Anguillospora crassa is mainly of interest, and included here, as the one fungus which 
was recorded more commonly in winter, both from natural and inserted litter. The winter 
bias was not great, but enough to give a negative correlation of spore concentration with 
temperature, albeit just short of being significant at the p<0.05 level. It was absent from 
the Northern Territory, rare in N. NSW and not very prevalent in S.E. Australian 
streams. It was most prominent (27% of spores) in a high altitude tributary of Lees 
Creek. Presumably it represents a low temperature fungus. Its litter preferences appeared 
to be more akin to A. acuminata and Cl. aquatica: bark, sedge leaves and twigs. The 
occurrence of A. crassa fluctuated sharply, and the peaks showed some positive spore 
correlation with rainfall (R=0.24), but this was not significant. Casual observations of 
foam collected from Lees Creek after heavy or extended rainfall would tend to support 
some linkage between spore production of A. crassa and rainfall. Spore of A. crassa 
were often the most numerous to be found in the foam. 
8.7.10. Culicidiospora aguatica 
Culicidiospora aquatica occurs commonly but at moderate levels on most litter types, 
and was not consistently more frequent on any litter resource when compared over the 
four litter studies. Spore concentrations of Cu. aquatica in Lees Creek tended to be 
highest from spring to autumn and although spore correlations correlated best with the 
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fall of A. melanoxylon phyllodes, Cu. aquatica appears to be more-or-less a litter 
resource generalist with spore concentrations in Lees Creek following the general level 
of litter resources in the stream. 
Culicidiospora aquatica's moderately infrequent to rare occurrence in streams of S.E. 
Australia and its absence from streams of N. NSW and the Northern Territory places it in 
a similar category as Cl. aquatica and A. acuminata, all preferring the cool water 
streams of S.E. Australia. 
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8.8. SOME COMMENTS ON METHODS 
In the present study of the aquatic hyphomycetes of Lees Creek, the community at one 
site was sampled: (i) as it was represented by spores in the stream collected by the 
membrane filtration procedure; (ii) as it was estimated in the litter via static incubation 
of disks of leaves cut from naturally entrained litter and of litter placed in the stream; and 
(iii) as it was represented as spores from litter samples, both natural and inserted, 
incubated in aerated columns of water. Regardless of the technique used, there was by 
and large strong agreement between results from the different techniques about the 
dominant species present in Lees Creek. The very high level of agreement between 
different approaches engendered confidence in the broad conclusions drawn about the 
Lees Creek hyphomycete community. Naturally there were also differences in the results 
from the different techniques, because each technique measured different things. 
The membrane filtration technique is a very successful method for determining the spora 
passing along a stream; its precision being limited only by the ability to identify spores 
and by the number of replicate water samples which can be handled. The stream spora is 
directly related to the mix of fungal species occurring as mycelia in the stream litter, but 
one would not expect a detailed correlation at a site because: much of the stream spora 
derives from colonized litter elsewhere up the stream; and the spore output per unit of 
mycelium almost certainly varies widely between small-spored and large-spored species. 
The aerated incubation procedure probably gives an excellent measure of the spore 
output capacity of particular litter samples, and a comprehensive indication of the range 
of species growing in the litter, but the relative proportions of spore numbers will not 
necessarily equate closely with the relative proportions of mycelia present for the second 
reason given above. How representative the spore output from litter samples is for a 
particular site along the stream, depends quite a lot on the extent to which the range and 
proportional mixture of different litter samples are well represented in the samples taken. 
Thus in the present study, the combined results from assessment of eight major litter 
types would have been superior to estimates of spore output from just leaves and 
phyllodes. 
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The static incubation of small disks cut from leaves and phyllodes, which were then each 
scored for presence or absence of different hyphomycete species, provided an excellent 
estimate of the proportion of mycelia of those fungi present. The two or three most 
common fungi, which were found on all disks of some samples would have been 
somewhat underestimated by this procedure. Precision could only have been increased by 
decreasing disk size to the point where such fungi did not always score positive, and 
increasing the number of disks per sample; but this was not practicable in this study, 
given the number of sampling times and experimental treatments attempted. 
In studies of fungi in litter, it also makes a difference whether the litter in question is 
naturally entrained stream litter or artificially inserted fresh litter. The former can provide 
the best indication of what fungi are normally growing in the stream environment and of 
what spores are being added to the water. The latter is most useful for detecting resource 
preferences and timing the sequence of fungal colonization. 
The main conclusion drawn from the present study is that there is great value in applying 
diverse techniques to the study of aquatic hyphomycetes. There is clearly much to be 
learned from differences between the results obtained from them. Thus the differences 
between the ratio of stream spore numbers, and the ratio of leaf disk scores, for L. 
cymbiformis and T. elegans shows up their very different strategies for transmission 
between resources. 
This study also shows the value of setting any detailed study in a larger temporal and 
spatial context. Thus the composition of the stream spora, and the fungi colonizing the 
litter at Site 1, at any one time, makes most sense when considered in relation to the 
knowledge gained about cyclical seasonal change, and the patterns of occurrence up and 
down the stream, or elsewhere in other streams. 
Spatial patterning proved to be of particular interest, leading to a more dynamic view of 
the stream spora, assisted by a computer model of downstream changes. A simple 
method of graphical analysis of downstream changes in spore concentrations was 
developed from this which shows practical promise. 
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8.9. FUTURE PRIORITIES 
With any major first-time ecological study of a biological community (as here with the 
aquatic hyphomycetes in Autralia), more questions tend to be raised by the initial study 
than it can answer. Future priorities for Australian research on the topic of aquatic 
hyphomycetes can be immediately separated into two major categories: (i) taxonomic 
research; and (ii) ecological research. 
8.9.1. Taxonomic research 
The present study, and the two previous studies of Cowling (1963) and Price (1964) 
have revealed the presence of at least 150 spore types present in Australian streams. Less 
than half of these have been identified to a known species. These 150 spore types, each 
presumably representing a different species, have been recognized from a small 
proportion of waterways on the Australian continent. Lees Creek would probably be the 
only stream in which most of the species of aquatic hyphomycetes have now been 
recorded. How many more spore types remain to be recorded in Australia is an open 
question, but from the above, one could perhaps expect at least twice the present 
number. 
Contrast this with the world situation world wide. There are currently about 300 
described species of aquatic hyphomycetes (Descals et al. 1993 cited by Webster 1992). 
So it seems likely that Australia could well have more species of aquatic hyphomycetes 
than are presently named. The isolation and culturing, leading ultimately to formal 
descriptions of the unknown species, would seem a worthy goal in its own right for any 
future study. Even most of the named species recorded in this and previous Australian 
studies have rarely been cultured. Until this is done and the resulting sporulating cultures 
are compared with previously published descriptions of the species in question, some 
uncertainty will remain about the identity of some of these named species. Special 
problems, such as the relationship between the 'cold water' and 'warm water' forms of L. 
cymbiformis obviously need clarification through pure culture studies. 
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8.9.2. Ecoloeical research 
For the aquatic hyphomycetes growing on litter, two particularly interesting outcomes of 
the present study, were the demonstration of litter preferences, and identification of 
successional patterns among the species. It is possible to speculate on the mechanisms 
underlying these phenomena, but for a proper explanation, much more needs to be 
known about how aquatic hyphomycetes interact with the litter. Something has been 
learned about how spores become collected and attached to pieces of litter, but nothing 
seems to be known about the process of invasion and colonization of the litter. We need 
to know in what manner and how fast the mycelia of different species spread within leaf 
tissues; and how deeply they penetrate into woody tissues (which presumably have 
lowered 02 tensions inside. To test some of the ideas about nutritional differences, it 
would be valuable to compare the extracellular enzyme activity and nutritional 
preferences of early stage (e.g. T. elegans) versus late stage (e.g. A. acuminata) 
colonizers, and of fungi which tend to dominate different litter types (e.g. A. acuminata 
on fern fronds and persistent litter and L. cymbiformis on eucalypt leaves and other 
ephemeral litter types). Many other organisms inhabit stream ecosystems, and many of 
these can be detected on litter at some time during the decomposition process. The 
problem here of course is to distinguish the contributions of the various groups of 
organisms to litter decay, where they act separately, and to understand the nature of the 
interactions between organisms where they act together. Solving that problem will 
ultimately be a large open ended and time consuming enterprise. In the northern 
hemisphere a start has been made with assessments of: the biomass of hyphomycetes 
represented in litter; interactions between hyphomycetes and invertebrates; pure culture 
interactions between mycelia of different hyphomycete species and strains. 
The first of these, some estimates of hyphal biomass, needs to be repeated in Australia as 
part of the exercise of getting fungi recognized as an important part of the aquatic biota 
involved in stream decay processes on this continent. Amongst the interactions which 
might be selected for priority of study here, would be those between recognized middle 
to late successional stage hyphomycetes, and stream invertebrates, because peak 
activities of these coincide. Competitive interactions between pairs of hyphomycetes 
need to be studied in litter microhabitats rather than on agar media. 
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The broader distributional pattern of hyphomycetes in Australian streams, which has 
been shown to have a strong latitudinal gradient, suggests that annual temperature might 
be controlling factor of the actual species spatial distributions. So temperature 
relationships of selected hyphomycete species, and of different geographical variants like 
the 'warm water' and 'cold water' strains of L. cymbiformis, would be a profitable area of 
study. 
Finally, the most important aspect of hyphomycete stream ecology arising from this study 
to pursue, is the start which has been made here on a dynamic analysis of downstream 
population changes. The present computer model, and the concepts flowing from that 
need further testing and elaboration. Probably there are few places better suited to do 
that, than in some of the eastern Australian streams which flow for substantial distances 
below their sources through a relatively unaltered, native forest vegetation. 
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APPENDIX I 
ILLUSTRATIONS OF SPORES ENCOUNTERED IN THE PRESENT STUDY 
Identification of the following spores was made via consulting the original species 
descriptions, or where appropriate, by consulting emended descriptions. Some other 
publications that were found to be of use for identifying the species encountered were 
Aimer & Segedin (1985a), Nawawi (1985) and Regelsberger (1987). 
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Abstract 
The aquatic hyphomycete spora of an upland stream (Lees Creek) were sampled twice monthly by 
membrane filtration at two sites, the upstream one with native riparian vegetation and the downstream 
one with exotic pines. Physicochemical properties of the water were measured at each sampling. 
Conidia of 43 species were collected, of which 18 are undescribed and most species occurred at both 
sites. The peak concentrations of conidia occurred in late summer to early autumn and minimum 
concentration in winter. This contrasts with the autumn-winter maximum and summer minimum 
concentrations recorded for tree-lined streams of the Northern Hemisphere. These differences correspond 
with differences in seasonality of litter fall in the Northern Hemisphere compared with Australia. 
Analysis of variance showed significant differences between the two sites for concentrations of conidia 
of individual species and of total conidia. The magnitude of these differences was related to the time 
of sampling. Using multiple linear regression analysis, the occurrences of conidia detected at the 
up-stream site were best explained by water temperature; down-stream, rainfall and water temperature 
together explained most variance. 
Introduction 
Aquatic hyphomycetes are considered to be the dominant mycoflora fo,und on decaying 
vegetation in freshwater lotic habitats (Barlocher and Kendrick 1981). They have been 
extensively studied in the Northern Hemisphere, where concentrations of their conidia in 
stream water have been shown to be influenced by: seasonal changes in. leaf fall from 
riparian vegetation and water temperature (Iqbal and Webster 1973, 1977); stream physico-
chemical characteristics (Barlocher and Rosset 1981) and the composition of riparian 
vegetation (Wood-Eggenschwiler and Barlocher 1983). Communities of aquatic hyphomycetes 
in streams have also been shown to vary longitudinally (Gonczol 1975; Shearer and Webster 
1985a). 
Aquatic hyphomycetes in Australia were first recorded in New South Wales by Cowling 
(1963) and Cowling and Waid (1963), South Australia by Price (1964), Tasmania by Tubaki 
(1965) and in Victoria by Swart (1986). These five studies, and an occasional taxonomic 
note, appear to represent all the work performed on aquatic hyphomycetes in Australia 
so far. 
The aims of the present study were to quantify seasonal differences in the aquatic 
hyphomycete spora at two sites on a perennial upland stream, and to attempt to relate these 
differences to changes in riparian vegetation, physicochemical factors and rainfall. 
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Study Area 
Lees Creek is located on the eastern side of the Brindabella Ranges (Fig. 1), in the 
Australian Capital Territory. The altitude of the catchment area for Lees Creek varies 
from 600 to 1400 m and it has a mean annual precipitation of 750 to 1200 mm (Talsma 
and Hallam 1982). Most of the catchment retains a cover of native eucalypt forest ranging 
through alpine woodland at high altitudes, through wet sclerophyll forest, to dry sclerophyll 
forest at lower altitudes. Some areas of the dry sclerophyll forest have been replaced by 
mixed-age plantations of Pinus radiata D. Don and in its lower reaches Lees Creek flows 
through one of these, Uriarra Forest (Fig. 1). A buffer strip of native vegetation has been 
retained along part of the creek through the upper two thirds of this pine forest. In the 
dry-sclerophyll/pine-forest sections, the stream width varies from 1 to 2 m and is generally· 
150 to 300 mm deep. The geology of the Lees Creek catchment is described in Talsma and 
Hallam (1982). 
NATIVE EUCALYPT FOREST 
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Materials and Methods 
Sampling Sites 
Fig. 1. Lees Creek and sampling sites. 
35"22'5. 
0 0·5 I km. 
Two sites were selected on Lees Creek, an up-stream sampling point (Site A) above which the stream 
is solely under the influence of native riparian vegetation, and a down-stream sampling point (Site B) 
after the stream has flowed for several kilometres through the pine plantations (Fig. l). The riparian 
vegetation at Site A is predominantly Eucalyptus viminalis Labill. and Acacia melanoxylon R. Br. with 
an understorey of Blechnum sp. and grasses. Riparian vegetation for several kilometres upstream of 
Site B consists predominantly of P. radiata and Rubus fruticosus (sens. lat.), with occasional Eucalyptus 
and Acacia species. Site A is 50 m down-stream of the confluence of Lees and Blundells Creeks at 
an altitude of 800 m. Site B is 20 m up-stream of the confluence of Lees and Condor Creeks, at an 
altitude of 600 m. No permanent creeks enter Lees Creek between the two sites. 
Sampling was performed at 2-weekly intervals from February 1985 to February 1986. 
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Assessing the Fungal Community 
Conidia were extracted from water samples at the site using a membrane filtration technique (Iqbal 
and Webster 1973). Each of five water samples (150-500 mL, the volume selected at each sampling 
occasion being based upon the anticipated conidial content of the water) was filtered immediately upon 
collection through a cellulose acetate membrane filter with 3-µm pores. The filters were allowed to dry 
partially, then a few drops of 0 · 1 % cotton blue in lactophenol were added sufficient to cover the filter. 
Upon return to the laboratory, the filters were mounted on 50 mm x 75 mm microscope slides and 
examined under the microscope at x 100- x 400, in order to count and identify the conidia collected 
on them. 
Physicochemical Characteristics of the Water 
Temperature, pH, dissolved oxygen and conductivity at the time of sampling were measured using 
a Hydrolab System 8000 water meter. In addition, water samples were collected and packed in ice for 
transport to the laboratory where they were frozen and stored until the following analyses were carried 
out: 
(i) Ca2 +, Mg2 + and Na+ by flame atomic absorption spectrophotometry (Parker 1972). 
(ii) Total phosphorus by modified automated ascorbic acid reduction method (Anon. 1980). 
(iii) Nitrate by hydrazine reduction (Di Michie! and Rosich 1976). 
(iv) c1- titration by mercuric nitrate (Anon. 1980). 
(v) Alkalinity by sulfuric acid titration (Anon. 1980). 
Chemical analyses were stopped after 3! months because very low levels of ions and nutrients were 
detected and samples showed little variability. 
Rainfall 
Weekly rainfall records for the catchment were obtained from the CSIRO Division of Water 
Resources. These rainfall figures were compared with daily rainfall figures for Bendora Dam, 10 km 
away in the Cotter River catchment, obtained from the Bureau of Meteorology. From the combination 
of these data, estimates were made of how much rain fell in the Lees Creek catchment on individual 
days. Cumulative rainfall totals for the 5 days before water sampling were used in subsequent analyses. 
Table 1. A comparison between the physicochemical variables of Lees Creek 
*P < 0·05; **P < 0·01 
Physicochemical Site A Site B 
variable mean s.d. mean s.d. (Site A v. Site B) 
pH 6· 174 0· 191 6·670 0· 197 13·035** 
Conductivity (µs cm- 1) 48·423 6·087 62·692 9·050 6·670** 
Dissolved oxygen (%) 87·769 3·362 90·577 6·067 2·064* 
Total phosphorus (µg L - 1) 15 ·778 3·504 18·267 8·280 0·831 
N+ (mgL - 1) 4·389 2·364 3·867 0·918 0·617 
Ca2+ (mg L - 1) 3·828 l · 368 3·272 l · 140 0·935 
Mg2 + (mg L - 1) 1·533 0· 180 2·478 0·264 8. 874** 
Cl-(mgL- 1) 4· 189 0·804 5 ·Ill 0·837 2· 373* 
Alkalinity (mg L -1) 15·555 0·882 20·222 1·563 7·800** 
Nitrate concentration < 10 µg L - I 
Results 
Physicochemical Properties of Lees Creek Water 
The mean concentrations of nitrate, phosphorus and the cations measured were very 
low and dissolved oxygen was high (Table 1). Student's t tests were used for testing for 
significant differences in physicochemical properties between sites with homogeneity of 
variances as determined by the F test; where variances were not homogeneous, Welch's 
approximate t tests were used. The means for pH, conductivity, dissolved oxygen, Mg2 +, 
Cl - and alkalinity were significantly different between sites (Table 1 ). The absolute 
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magnitude of these differences was small but Site B generally showed a greater variation 
in these variables than Site A (standard deviations in Table 1). Temperature of the water 
varied seasonally and showed a greater variation at Site B (Fig. 2c). Temperature was higher 
at Site B than at Site A during Feb.-April and in Nov.-Jan., but the reverse was true 
during May-July (Fig. 2c). 
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Fig. 2. Seasonal changes in (a) number of fungal species, (b) total number 
of conidia, (c) water temperature and (d) estimated rainfall immediately 
before each sampling time for two sites on Lees Creek. 
Species Abundance 
In total 43 fungal species were detected; 25 are currently described and a further 6 species 
were tentatively placed into genera (Table 2), leaving 12 of unknown affinities. Illustrations 
of the undescribed species will be published elsewhere. It is likely that some species may 
have been overlooked because of the difficulty in assigning filiform conidia to species on 
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the basis of conidial morphology alone. The total number of species recorded varied little 
during most of the year and was similar at both sites (Fig. 2a), with most species being 
detected at each site. 
Table 2. Species list of aquatic hyphomycetes detected in Lees Creek 
Alatospora acuminata Ingold 
Alatospora pulchella Marvanova 
Anguillospora crassa Ingold 
Anguillospora filiformis Greathead 
Anguillospora longissima Ingold 
Articulospora tetracladia Ingold 
Anguillospora sp. 
Clavariopsis aquatica de Wildeman 
Clavatospora longibrachiata (Ingold Nilsson ex 
Marv. & Nil 
Culicidospora aquatica Petersen 
Flagellospora penicillioides Ingold 
Flagellospora curvula Ingold 
Heliscus lugdunensis Sacc & Therry 
Heliscina campanulata Marvanova 
Lemonniera aquatica de Wildeman 
Total Conidial Concentrations 
Lemonniera cornuta Ranzoni 
Lunulospora curvula Ingold 
Lunulospora cymbiformis Miura 
Lunulospora sp. 
Mycocentrospora sp. 
Pseudoanguillospora stricta Iqbal 
Tetrachaetum elegans de Wildeman 
Tetracladium marchalianum de Wildeman 
Tetracladium sp. 
Tricladium chaetocladium Ingold 
Tricladium giganteum Iqbal 
Tricladium splendens Ingold 
Tripospermum myrti (Lind.) Hughes 
Triscelophorus acuminatus Nawawi 
Triscelophorus sp. A 
Triscelophorus sp. B 
Significant differences occurred between sites for the total number of conidia collected 
(Table 3). Site A samples had significantly higher concentrations than Site B throughout 
summer and autumn except for one sampling time in March, whereas concentrations at 
Site A fell below those of Site B during much of winter and spring (Fig. 2b). 
Conidial concentrations at Site A showed significant seasonal trends (Fig. 2b) with 
high concentrations in late summer to early autumn and low concentrations in mid winter. 
This follows the general trend for stream temperature (Fig. 2c). Seasonal changes at Site B 
were overshadowed by short-term fluctuations in concentrations of conidia and there may 
be a relationship between peaks of conidia and recent rainfall (Fig. 2d). Though the highest 
concentration of conidia recorded at Site B occurred in early autumn, this may not be 
representative of seasonal trends at this site, since shortly afterwards the lowest recorded 
concentration also occurred while water temperatures were still relatively high (Fig. 2c). 
Relative Abundance of Individual Species 
Substantial differences between sites in the relative proportions of different fungi are 
evident (Fig. 3); Lunulospora cymbiformis, Flagellospora curvula and an unidentified species, 
sp. 8, together account for 45-60% of those conidia collected at Site A, but only 15-30% 
of those at Site B. Conversely, six species, Alatospora acuminata, A. filiformis, L. curvula, 
Clavariopsis aquatica and Lemonniera aquatica, together consistently accounted for approxi-
mately 50% of the conidia collected at Site B, but less than 10% of those collected at 
Site A. Highly significant differences in fungal abundance occurred over time (Table 3), with 
maximum concentrations often exceeding lowest concentrations by 20-50 times (Fig. 4). 
The highly significant interaction term in all the analyses of variance indicates that the 
magnitude of the differences is linked to the time of year. Conidial concentrations for most 
species at each site fell to their lowest levels around the middle of the year (May-August), 
but there were differences in the timing of the maxima for different species. For example, 
L. cymbiformis and L. curvula peaked early in the year at both sites, whereas Tricladium 
chaetocladium and Clavariopsis aquatica peaked late in the year. L. cymbiformis, F. curvula 
and T. chaetocladium (Figs 4a, 4c and 4e) showed greatest site differences in abundance in 
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Table 3. Results of two-way analysis of variance 
'Somparisons between Sites A and B and between each sampling time, for the total number of 
conidia and for six species. Data were transformed using a log (x + 1) transformation to make 
the variance independent of the mean 
Source of variation Sum of d.f. Mean F Significance 
squares square ratio of F 
Total number of conidia 
Site l ·763 l ·763 917·469 <0·001 
Sampling time 8·806 23 0·383 199·239 <0·001 
Site x Sampling time 7·644 23 0·333 173·401 <0·001 
Within 0·369 192 0·002 
Total 18·601 239 0·075 
Anguillospora filiformis 
Site 2·130 1 2· 130 6570·300 <0·001 
Sampling time 5·367 23 0·233 719·874 <0·001 
Site x Sampling time 2·859 23 0· 124 382·290 <0·001 
Within 0·062 192 0·000 
Total 10·409 239 0·044 
Clavariopsis aquatica 
Site 10· 175 10· 175 264·351 <0·001 
Sampling time 36·436 23 1·584 41·159 <0·001 
Site x Sampling time 12·673 23 0·551 14·316 <0·001 
Within 7·390 192 0·038 
Total 66·675 239 0·279 
Flagellospora curvula 
Site 2·531 1 2·531 1002·994 <0·001 
Sampling time 3·043 23 0· 132 52·434 <0·001 
Site x Sampling time 3·585 23 0· 156 61 ·780 <0·001 
Within 0·484 192 0·003 
Total 9·644 239 0·040 
Lunulospora curvula 
Site 2·279 2·279 99.231 <0·001 
Sampling time 52·505 23 2·283 99·380 <0·001 
Site x Sampling time 20·285 23 0·882 38·395 <0·001 
Within 4·410 192 0·023 
Total 79·480 239 0·333 
Lunulospora cymbijormis 
Site 14·388 14·388 1814·705 <0·001 
Sampling time 36·807 23 l ·600 201 ·836 <0·001 
Site x Sampling time 14·033 23 0·610 76·951 <0·001 
Within 1·522 192 0·008 
Total 66·751 239 0·279 
Tricladium chaetocladium 
Site 11·396 1 ll ·396 789·647 <0·001 
Sampling time 14·395 23 0·626 43·368 <0·001 
Site x Sampling time 15·897 23 0·691 43·893 <0·001 
Within 2·771 192 0·014 
Total 44·458 239 0· 186 
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Fig. 3. Relative proportions of conidia of dominant (> 5% of the total collected) 
species in selected samples for Sites A and B. Date of sampling given above each bar. 
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the first half of the year, with greater concentration of conidia at Site A. L. curvula and 
Anguillospora filif ormis (Figs 4b and 4d) showed greatest site differences in the later half 
of the year, with greater concentrations of conidia at Site B. Clavariopsis aquatica (Fig. 4/) 
had a similar pattern of occurrence at each site throughout the year. 
Relationship between Environmental Variables and Fungal Occurrence 
The total number of conidia, total number of species and abundance of 14 individual 
species (selected for differing patterns of occurrence), on each sampling occasion, were used 
as the dependent variables of multiple linear regression equations using SPSS (Nie 1975). 
The independent variables were rainfall, temperature, conductivity, dissolved oxygen and pH. 
The total number of conidia was significantly correlated with water temperature at 
each site, although the values for the coefficient of determination (R2) (Table 4) show that 
this factor was more important at Site A. At Site B, total numbers of conidia showed 
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Fig. 4. Seasonal concentrations of conidia of individual hyphomycete 
species recorded at Sites A and B. 
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a higher correlation with rainfall than with temperature (Table 4). The number of species 
was significantly correlated with conductivity and rainfall at Site B, but no significant 
correlation was found at Site A (Table 4). Nine individual species at Site A and six at 
Site B correlated significantly with temperature. Rainfall was found to be significantly 
correlated with eight species at Site B but only three at Site A (Table 4). The other environ-
mental variables measured also had a significant correlation with some species, but the 
R square for pH, conductivity and dissolved oxygen was generally much lower than the 
R square for temperature and rainfall. Exceptions were A. crassa with pH at Site B, 
T. chaetocladium with conductivity at Site B and Clavariopsis aquatica with conductivity 
at both sites (Table 4). 
Table 4. Relationships between the aquatic hyphomycete spora of Lees Creek and environmental 
variables 
Forward stepwise multiple regression derived from 26 sampling events. Selection of variables for entry 
was based on the magnitude and significance of the partial correlation coefficient. Non-significant 
terms are not included in the models. T, temperature ( 0 C); r, rainfall (mm); C, conductivity (µ,s cm- 1); 
A, pH; D, dissolved oxygen(%); R2 , coefficient of determination 
Fungi Site Regression equation Change in R 2 
Total No. of conidia A 442·02T-1985·08 0·6185T 
B 25·85r+ 117·70T+94·77 0·3723r, 0·1537T 
Total No. of species A no significant relationship found 
B -0·23C+ 0·045r+ 40·09 0·2686C, 0· 1153r 
Anguillospora crassa A 1·74r+19·26 0·3305r 
B -157 ·40A + 1077 · 57 0·5817A 
Anguillospora A no significant relationship found 
filiformis B no significant relationship found 
Clavariopsis aquatica A -6·18C+393·14 0·2323C 
B -4 · 46C + 334 · 46 0·2716C 
Culicidospora aquatic A no significant relationship found 
B 0·23r+ 12· 18 0· 1954r 
Flagellospora curvula A 44· 5093T- 82· 50 0·3373T 
B -7 ·94C+ l · 83r+ 585 ·62 0·3044C, 0·1820r 
Flagellospora A 24·86T- ll ·04D+798· 10 0·4190T, 0· 1426D 
penicillioides B 51·56T + 4· 83r+ 13·17C- 1275 ·44 0·3189T, 0·1689r, 0·114C 
Lunulospora A 270 · 82T + 32 · 03C- 3463 · 90 0·6490T, 0·0656C 
cymbiformis B 32·36T+ l ·5lr-174·88 0·5860T, 0·0740r 
Lunulospora curvula A 33 · 53T-18 ·69D+ 174·99A + 336· 35 0·6065T, 0· 1171D, 0·0470A 
B 25 ·78T + 1·69r-145·21 0·5261T, 0·1362r 
Lunulospora sp. A 30· 57T-205 ·99 0·3369T 
B 0·22r+ l ·21T-8·95 0·2775r, 0· 1772T 
Lemonniera aquatica A l · 55T-0·71D+ 50 · 35 0·3463T, 0·1237D 
B -4·40T+91·34 0· 1614T 
Mycocentrospora sp. A 0·047r+0·30 0·2148r 
B 0·13r-1·83 0·3060r 
Pseudoanguillospora A l ·29r-15 ·83T 0·3152r, 0· 1540T 
strict a B 6·47r+38·75 0·7852r 
Tricladium A 22·06T-30·58 0·4505T 
chaetocladium B -5 ·69C+ 468 · 81 0·2152C 
Triscelophorus A 0·063T-2·54 0· 1778T 
acuminatus B 8·39T+2· 13C-188·00 0·440T, 0· 1347C 
Discussion 
Of the 43 species of aquatic hyphomycetes found in Lees Creek, all the 25 described 
species (Table 2) except for L. cymbif ormis have been collected from streams in Great 
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Britain, Europe or North America. Some of the undescribed species appear similar to fungi 
found in New Zealand by Aimer and Segedin (1985a). Thus, while many of the species 
found in Lees Creek can be considered to have either a widespread or temperate distribution, 
others may be restricted to the South Pacific region. 
The maximum concentration for all conidia (5000-6000 L - 1) in late summer to early 
autumn, and the minimum concentration (300-500 L - 1) in winter recorded in Lees Creek 
(Fig. 2b) differs in timing from the seasonal minima in summer and maxima in autumn-
winter recorded in streams from the Northern Hemisphere by Iqbal and Webster (1973, 
1977), Barlocher and Rosset (1981) and Muller-Haekel and Marvanova (1979). The magnitude 
of the maximum concentration of conidia recorded from Lees Creek (Fig. 2b) falls within 
the range of maximum concentrations recorded in studies of tree-lined streams in the 
Northern Hemisphere, e.g. Barlocher and Rosset (1981) 1250 conidia L - 1, Iqbal and Webster 
(1973) 8300 conidia L - 1 and Shearer and Webster (1985b) 40000 conidia L - 1• As many 
of the species of aquatic hyphomycetes found in Lees Creek also occur in streams of the 
Northern Hemisphere (with a few exceptions e.g. L. cymbiformis and possibly some of the 
undescribed species), the different seasonal timing of total conidial production in streams 
is probably not directly related to the temperature of the water despite the significant 
correlations recorded (Table 4). 
Some of the species recorded from Lees Creek showed similar seasonal patterns of 
occurrence in the River Creedy (U.K.) examined by Iqbal and Webster (1973). In both 
Lees Creek and the River Creedy, L. curvula had minimum concentrations in winter, 
whereas F. curvula and T. chaetocladium had minimum concentrations in summer. As the 
River Creedy had an annual temperature range (2·5-20·0°C) similar to that of Lees Creek 
(3 · 0-16 · 5°C), water temperature may influence which species are dominant by determining 
those capable of making best use of the substrata available at any given time; for example, 
L. curvula cannot grow in culture at temperatures below 5°C (Webster et al. 1976; 
Suberkropp 1984). 
Further support for the influence of temperature on conidial concentrations of individual 
species is that many of the species examined in Lees Creek such as L. cymbiformis and 
L. curvula (Figs 4a and 4b) had -a significant positive correlation with water temperature 
(Table 4). This factor may explain some of the seasonality shown in the concentrations of 
conidia for the species in Figs 3 and 4. Data on the relationship between temperature and 
growth rate for F. curvula (Suberkropp 1984) and for T. chaetocladium (Webster et al. 
1976) indicate that temperature may not be the predominant influence on these fungi; these 
species have shown in culture to have maximum growth rates at over 15-20°C, temperatures 
higher than any recorded for Lees Creek. Suberkropp (1984) concluded that temperature 
responses in pure culture only partly explain seasonal occurrences of fungi in streams. 
He suggested that the seasonal responses of aquatic hyphomycetes can be influencd by 
interspecific competition. 
The influence of season on the occurrence of aquatic hyphomycetes is more likely to 
be mediated through seasonality of the substrata. In Australia, litter fall in eucalypt forests 
is at its peak in summer but continues all year round (Pressland 1982; Lamb 1985). This 
accords with the summer peak of conidia, and would also explain some of the year-round 
occurrence of conidia in Lees Creek, where total concentrations of conidia fell below 
500 L - I only once, while in the English rivers studied by Iqbal and Webster (1973, 1977) 
concentrations of conidia were often between 0 and 10 L - 1 during the summer. A study of 
a New Zealand stream by Aimer and Segedin (1985b) has also related peak concentrations 
of conidia to the period of maximum litter fall. The relationship between litter fall and the 
abundance of conidia in Lees Creek is the subject of a current study. 
The composition of litter from Australian eucalypt forests consists of more than 55% leaf 
material, the remainder being branches, bark, fruits and buds (Lamb 1985). Breakdown rates 
for leaves of E. viminalis and phyllodes of A. melanoxylon, the major components of 
riparian vegetation at Site A, are considered to be fast and slow, respectively (O'Keefe and 
Aquatic Hyphomycetes in Lees Creek 21 
Lake 1987). Hence, it is likely that phyllodes of A. melanoxylon are resistant to fungal 
colonization for a few months whereas leaves of E. viminalis may be colonized in a few 
days or weeks, and so production of conidia may lag behind the initial increase of substrata 
for a time dependent upon the type of substratum available. Also, bark and branches may 
remain in the stream for many years and provide year-round substrata for fungal colonization 
and subsequent conidia production. 
The significant differences between sites for total numbers of conidia and for conidia 
for various species (Table 3; Figs 2b and 4) are possibly related to the change in species 
composition of riparian vegetation along Lees Creek. The high concentration of conidia in 
summer, particularly at Site A (Fig. 2b), may be because more substratum would be 
available in summer where native vegetation predominates compared with Site B where the 
exotic P. radiata and R. fruticosus, derived from the Northern Hemisphere, produce an 
autumn-winter peak in litter fall. Pinus radiata produces litter all year round with a peak 
in autumn (Cromer et al. 1984). 
Thus, the concentration of conidia in streams could be strongly influenced by the seasonal 
change in abundance of substrata i.e. summer maxima and winter minima, which coincides 
with the temperature regime of the stream (Fig. 2c); this would account for the relationships 
detected in the regression analysis (Table 4). Seasonality of substrata would account for the 
differences in the seasonality of conidial concentrations between Lees Creek, particularly at 
Site A, on the one hand and Northern Hemisphere streams on the other, where Webster 
and Descals (1981) regard the response of aquatic hyphomycetes to autumn leaf fall as 
the reason for the autumn-winter predominance of conidial concentrations in Northern 
Hemisphere streams. 
Low substratum specificity among the aquatic hyphomycetes is likely to have led to the 
similar number of species collected at each site (Fig. 2a). Thus, changes in floristics of 
riparian vegetation may not influence the number of species occurring. This apparent 
absence of substratum specificity has been reported for New Zealand streams by Aimer 
and Segedin (1985a) and by Wood-Eggenschwiler and Barlocher (1983) who detected no 
significant relationships between species richness of riparian vegetation and species richness 
of aquatic hyphomycetes in European streams. An absence of substratum specificity among 
the aquatic hyphomycetes may partially explain why two thirds of the fungi found in Lees 
Creek can also occur in streams of the Northern Hemisphere. 
Superimposed upon the seasonal responses already indicated are the short-term increases 
in numbers of conidia associated with rainfall (Table 4). This relationship may be caused 
by: (i) conidia being washed from dead vegetation lining the stream or off leaf litter by 
overland flow; (ii) dissolved and fine particulate organic matter being washed into the 
stream and providing nutrients and hence a stimulus for an increase in conidial production; 
and (iii) an increase in stream flow. 
Although some aquatic hyphomycetes have been recorded from terrestrial leaf litter 
(Bandoni 1981), these are unlikely to have been washed off in this instance. No increase 
was noticed in the concentrations of dematiaceous hyphomycetes which, being a common 
litter fungal group, should be the first to increase in concentration if overland flow was 
contributing conidia to the stream. According to Webster and Descals (1981), an increase 
in nutrient concentration normally suppresses production of conidia, rather than causing an 
increase. As laboratory experiments have shown that an increase in flow can enhance spore 
release and further sporulation among some species of aquatic hyphomycetes (Sanders and 
Webster 1980) an increase in streamflow rates is most likely to be the cause. Webster and 
Descals (1981) suggest the following explanations for this: increased turbulence resulting from 
higher flow causes increased branching of the conidiophores which produce more conidia; 
and increased flow removes nutrients from the substratum, which can induce vegetative 
rather than reproductive growth. Also, at higher rates of flow, the conidia are less likely 
to settle; there would therefore be an increase in concentration of those in suspension. 
Circumstantial evidence for the effect of increased flow comes from a stronger response to 
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rainfall in terms of concentrations of conidia at Site B than at Site A (Table 4). The soil 
types and underlying geology at Lees Creek Site A result in predominantly ground-water 
flow into the stream, with little variation in water levels even after heavy rain (unpublished 
data). Three kilometres upstream from Site B, there is a change in the underlying geology 
giving shallow, moderately permeable soils (Talsma and Hallam 1982). The result is that 
stream flow is greater after rain at Site B than at Site A (unpublished data). 
In view of the differences between Lees Creek and streams of the Northern Hemisphere, 
more research is needed to determine if the seasonal occurrences of fungi detected in this 
study are reflected in other Australian streams. The ability of aquatic hyphomycetes to 
colonize and degrade different substrata requires investigation, as do details of substratum 
quality and availability, if an understanding is to be obtained of how seasonality of sub-
strata influences fungal occurrence. The role of interspecific competition among aquatic 
hyphomycetes needs to be more clearly defined if seasonal differences between species are 
to be understood. 
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Characterization of Metarhizium anisopliae isolates from 
Tasmanian pasture soils and their pathogenicity to redheaded 
cockchafer (Coleoptera: Scarabaeidae: Adoryphorus couloni) 
H. Y. YIP*, A. C. RATHt AND T. B. KOEN:t: 
Department of Primary Industry, St John's Avenue, New Town, Tasmania, Australia 7008 
Two hundred and four cultures of Metarhizium anisopliae var. anisopliae isolated from Tasmanian pasture soils were studied. Sixteen 
strains are distinguished by temperature requirements for germination and growth, conidial dimensions and sporulation colour. 
Hierarchical duster analysis supports this classification. A key to the strains is provided. Pathogenicity testing of 184 of the cultures 
revealed that 50% (15/31) of isolates from one dendrogramic branch were pathogenic for L3 larvae of the scarab, Adoryphorus 
couloni. Only 4% (6/153) were found to be pathogenic amongst the other strains. 
In the genus Metarhizium two species are generally recognized: 
M. flavoviride Garns & Rozsypal with ellipsoidal conidia 
measuring 7·0-9·0 (-11·0) x 4·5-5·0 mm, and M. anisopliae 
(Metschn.) Sorokin with cylindrical conidia. In both species 
there are two varieties: Tulloch (1976) distinguished both the 
more common small-spored M. anisopliae var. anisopliae with 
conidia measuring (3·5-) 5·0-8·0 (-9·0) x 2·5-3·5 (-4·5) mm, 
and var. major (Johnson) Tulloch with conidia measuring 
10·0-14·0 ( -18·0) mm long (Domsch, Garns & Anderson, 
1980; McCoy, Samson & Boucias, 1988). In M. flavoviride, 
both var. minus Rombach, Humber & Roberts and the more 
common var. flavoviride are recognized (Rombach, Humber & 
Roberts, 1986) and differ in the size and shape of the conidia. 
A third species M. album Petch is recognized by some authors 
(Rombach, Humber & Evans, 198 7; Samson, Evans & Latge, 
1988; Milner, 1989). Guo et al. (1986) have recently proposed 
three new species of Metarhizium: M. pingshaense Chen & 
Guo, M. cylindrosporae Chen & Guo and M. guizhouense Chen 
& Guo. 
As Metarhizium has a limited number of recognized taxa 
and a worldwide distribution, it is inevitable that strains will 
exist in each taxon. Fargues et al. (1981) were able to 
distinguish M. anisopliae var. major from var. anisopliae using 
immunoelectrophoresis while Guy & Rath (1990) were able to 
separate isolates of var. anisopliae using enzyme-linked 
immunosorbent assays (ELISA). Riba, Rakotonirainy & Brygoo 
(1990) were able to separate 11 isolates of M. anisopliae var. 
anisopliae using isozyme analysis but found that ribosomal 
RNA was insufficient for strain separation. Duriez-Vaucelle et 
al. (1981) were unable to separate var. anisopliae isolates using 
' Current address: Bureau Sugar Experimental Stations, P.O. Box 566, 
Tully, Queensland, Australia 4854. 
t Author to whom correspondence should be addressed. 
t Current address: Dept of Conservation and Land Management, Evans 
Street, Cowra, N.S.W., Australia 2794. 
zymograms of 23 enzyme activities. Riba, Bouvier-Fourcade, 
& Caudal (1986) compared the conidial size, isoenzyme 
analysis and virulence towards the European com borer of 96 
M. anisopliae cultures originating from various insect hosts 
and countries. They found M. anisopliae var. anisopliae to be 
very heterogeneous though some isolates could be separated 
into strains. So far no attempts have been made to separate 
and describe M. anisopliae var. anisopliae strains grown under 
specified incubation conditions. 
The need for adequate and accurate descriptions of M. 
anisopliae strains will assume greater importance as the study 
of this fungus as a biocontrol agent for various insect pests is 
increased. Rath (1989, 1991) and Rath & Yip (1989) have been 
studying the control of the subterranean pasture pest, the 
redheaded cockchafer, Adoryphorus couloni (Burmeister), using 
M. anisopliae. In order to facilitate the registration and use of 
any resultant fungal product, information on isolate identi-
fication as well as on distribution and abundance are 
important prerequisites. 
This paper separates 204 cultures of M. anisopliae var. 
anisopliae, isolated from Tasmanian pasture soils, into strains 
based on temperature related germination and growth, spore 
dimensions and colouration of both spores and colonies. 
Pathogenicity of these strains to L3 larvae of redheaded 
cockchafer is also determined. 
MATERIALS AND METHODS 
Characterization 
Two hundred and four cultures of M. anisopliae var. anisopliae 
and 8 isolates of M. flavoviride var. flavoviride were grouped 
for similarity after an initial study. Here, spores of the cultures 
were point inoculated (Pitt, 1979) on potato-dextrose agar 
(PDA - Oxoid CM 139) plates and incubated at 5 °C and 37° 
for 7 d and at 25° for 15 d. Based on the germination at 5° 
and 37°, and the colony characteristics at 25°, groups of 
K. Thomas, G. A Chilvers and R.H. Norris 
detrital breakdown processes in the stream. Nevertheless since 
the decline in spores over the experiment was approximately 
linear it would seem unlikely that the fungi were responding 
to changing light levels. 
If changing light levels are not directly responsible for 
diurnal variation in spore counts, two further possibilities can 
be suggested. Firstly, the minor diurnal fluctuations in water 
temperature (1·5°) that occurred may be influencing spore 
production. The pure culture studies of Koske & Duncan 
(1974), Suberkropp (1984) and Webster, Moran & Davey 
(1976) have all shown that sporulation in aquatic hypho-
mycetes can be influenced by temperature. Using the growth 
rate versus temperature data for seven species of aquatic 
hyphomycetes from Suberkropp (1984), the increase in growth 
rate between 9° and 10·5° ranged from 22 to 60% with a 
mean of 34 %. If spore production were to be directly equated 
with mycelial growth, the changes detected in spore 
production from morning to evening in the observational 
study could conceivably be accounted for by corresponding 
temperature changes. However, no one has tested such small 
temperature differences as occurred in Lees Creek or used a 
regular repeated pattern of temperature variation in any 
experimental study. Moreover, the previous study (Thomas 
et al., 1991) recorded changes in spore counts without a 
corresponding temperature change. This discrepancy between 
studies with respect to the temperature regime of Lees Creek 
probably results from the higher air temperatures and lower 
streamflow conditions that existed during the current study. 
A further possibility to explain the diurnal variation in 
spore counts may be indirect effects of diurnal fluctuations in 
aquatic macroinvertebrate behaviour. Photoperiod is known 
to influence some types of aquatic macroinvertebrate be-
haviour e.g. drift (Brittain & Eikeland, 1988) and possibly 
general levels of activity (pers. obs.). Given that some species 
of invertebrates selectively feed on leaves colonized by 
aquatic hyphomycetes or on the mycelium alone (Barlocher & 
Kendrik, 1981), then if invertebrates feed more actively at 
night, it is conceivable that the spores available for release by 
(Accepted 4 September 1991) 
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aquatic hyphomycetes may in turn be influenced by 
invertebrates. 
The consistent pattern of diurnal variation for aquatic 
hyphomycete spores confirms the preliminary observations of 
Thomas et al. (1991). However, the mechanism behind the 
diurnal variation remains obscure. Further work on the subject 
requires more laboratory experimentation on the factors 
affecting spore production and more information on whether 
invertebrates could actually influence fungal spore production 
in the manner suggested. 
This work was supported by an Australian Post-graduate 
Research Scholarship awarded to K. Thomas. 
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Table 1. Aquatic hyphomycete spore counts (mean no.l-1 ±s.E.M.) at early morning and evening on three days 
25 October 1990 26 October 1990 27 October 1990 
06·00 h 18·00 h 06·00 h 18·00 h 06·00 h 18·00 h 
A. acuminata 290·5±12"9 336·0±27•7 229·5±11-1 262·5±20·9 210·0±9·4 271•5±18•7 
A. crassa 165·0±10·8 231·0±10·3 223·0±8·4 294•5 ±22•4 284·5±17·0 369·0±25•7 
Cl. aquatica 298•5±15-7 380·5±13"1 231·0±10·6 294•5±17-3 239•5 ±7·6 350·0±23·2 
Cu. aquatica 52·5 ±5·0 56·5±6·2 43-5 ± 7·0 43·0±4·9 37·0±2-1 48·0±4·6 
Flagellospora Sp.33 105·5 ±5·4 125·5±6·6 66·5±6·8 104·5±10·9 56•5 ±5·1 113"5 ±9·6 
L. cymbiformis 310·0±20·4 407·5 ±19·6 291·5±10·6 379•5±18•1 365·0±18·5 475·0±24·6 
T. chaetocladium 176·0±13-5 236·0±12"6 150·0±5·9 179•5 ±3·9 165·0±14•6 215•5±13"7 
Unknown Sp.8 75·5 ±7-7 71·0±10·4 52·5±4·6 53-5±3·9 49·5±4·0 71"5 ±6·3 
Unknown Sp.20 118·5 ±8·4 164·5 ±6·7 85·0±4·9 134·0±16·7 66·5±7-5 121·0±12"0 
Unknown Sp.47 117·0±15·2 148·0±10·2 108·0±10·1 125·0±10·6 90·0±9·4 131·0±16•4 
Total 1975·0 ± 78•1 2452•0 ± 98·9 1704·0 ± 37·5 2143·0 ± 93·9 1786·5±58·2 2465•5 ± 125·7 
Table 2. Percentage change in aquatic hyphomycete spore counts over count declined over the three-day period from 1617 1-1 to 
1083 1-1 (Table 3). There was also an overall downward trend 
for the spore counts of individual species from the begin-
ning to the end of the experiment. In all but one case 
(L. cymbiformis), declines were linear. Water temperature was 
11° on each of the sampling occasions. 
twelve hourly intervals 
Day Night Day Night Day 
A. acuminata +15•7 -31·7" +14·4 -20·0· +29·3" 
A. crassa +40·0· -3·5 +32·1· -3·4 +29·7" 
Cl. aquatica +27·5" -39·2· +27·5" -18·7" +46·1· 
Cu. aquatica +7'6 -23·0 +I-I -14•0 +29•7 
Flagellospora Sp.33 +18·5 -47·0" +57·1· -45·9" + 100·9• 
L. cymbiformis +31·5• -28·5" +30·2· -3·8 +30·1· 
T. chaetocladium +34·1· -36·4" +19·7 -8·1 +30·6" 
Unknown Sp.8 +6·0 -26·1 +1·9 -7·5 +44·4" 
Unknown Sp.20 +38·8" -48·3" +57·6* -50·4" +81·9" 
Unknown Sp.47 +26·5 -27·o· +19·0 -28·0 +45·6" 
Total +24·2· -30·5· +25·8" -16·6* +38·0· 
• Change in count significant (Fisher's LSD P < 0·05). 
greatest variations were Flagellospora Sp.33 ( + 18·5, -47, 
+57, -45 and + 100·9%) and unknown Sp.20 ( +38·8, 
-48·3, +57·6, -50·4 and +81·9%) (Table 2). 
Water temperature ranged from 9 °C at 06.00 h to 10·5° at 
18.00 h each day. Water level and hence flow rate remained 
constant over the three days. 
In the alternating light regime experiment there was no 
evidence of any fluctuations in spore counts. Total spore 
DISCUSSION 
The 12-hourly monitoring of aquatic hyphomycete spores 
clearly shows evidence of a very consistent pattern of diurnal 
variation (Tables 1, 2). In the study of Thomas et al. (1991) the 
magnitude of the diurnal variation for the total spore count 
was 17 %, which was the minimum change detected in the 
present study, where several changes exceeded 50%. 
The unsuccessful attempt to demonstrate that changing 
levels of light are responsible for the diurnal variation in spore 
counts (Table 3) suggests that either: (i) the methods used 
were inadequate; or (ii) changing light levels play no part in 
spore production. The most obvious problem with the 
procedure used was the declining population of spores. 
Presumably either insufficient time was allowed for the fungal 
populations in the introduced litter to stabilize, or the litter 
itself was deteriorating as a food resource because of normal 
Table 3. Comparisons of spore counts for each species between three successive days of an artificial alternating light regime 
6 December 1990 7 December 1990 8 December 1990 
Dark Light Dark 
Mean S.E.M. Mean S.E.M. Mean S.E.M. 
A. acuminata 202·0a 14·9 149·6b 3·8 135·2b 12"2 
A. crassa 32·0a 3•7 20·8a 4•1 21·2a 3·7 
Cl. aquatica 136·4a 8·6 126·8a 7·7 108·8a 7•3 
Cu. aquatica 37·6a 1•6 37·2a 2·8 27·6b 2·5 
Flagellospora Sp.33 30·4a 2·9 26·8a 2·1 22·0a 3·9 
L. cymbiformis 608·8a 52·8 394·0b 11·4 354·8b 28·6 
T. chaetocladium 277·2a 12·7 254·0a 12"6 166·8b 16·9 
Unknown Sp.8 16·8a 1·9 19·6a 2·1 15·2a 2•9 
Unknown Sp.20 lOO·Oa 5·4 88·4a 8·8 76·4a 11•5 
Unknown Sp.47 28·0a 4•5 29·6a 1·6 26·8a 3·0 
Total spores 1616·8a 60·1 1277·6a 51·0 1082·8b 85·1 
In the comparisons between days for each species, means with the same letter are not significantly different as compared by the Student-Newman-Keuls 
procedure (P > 0·05). 
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Diurnal variation in aquatic hyphomycete spore concentrations 
in an Australian stream 
K. THOMAS1 , G. A. CHILVERS1 AND R.H. NORRIS2 
1 Division of Botany and Zoology, Australian National University, PO Box 4, Canberra City, ACT 2601, Australia 
2 Water Research Centre, University of Canberra, PO Box 1, Belconnen, ACT 2616, Australia 
The aquatic hyphomycete spora of Lees Creek, an Australian upland stream, was examined by membrane filtration at twelve hourly 
intervals (06.00 and 18.00 h) over three successive days. Total spore counts increased from morning to evening each day and 
decreased each night. This same diurnal pattern of abundance was shown by each of the ten most abundant species examined. 
A field-based experiment could not attribute the diurnal fluctuations in spore concentrations to an alternating light regime. 
Studies of temporal variation in abundance of aquatic 
hyphomycete spores in temperate streams have focused 
predominantly on seasonal fluctuations e.g. Iqbal & Webster 
(1973, 1977) and Thomas, Chilvers & Norris (1989). Such 
studies have shown a seasonal variation in spore counts which 
appears to be related to changes in litter input and/ or water 
temperature. Only one study (Thomas, Chilvers and Norris, 
1991) has considered short-term variation in spore abundance. 
That study found total spore numbers increased by 17 % over 
a twelve-hour period from morning to evening. In the absence 
of a corresponding change in stream flow or water temperature 
we speculated that the change in spore numbers might have 
been related to the change in light levels between night and 
day. 
In this present study we aimed: (i) to verify the existence 
of diurnal fluctuations in spore concentrations and (ii) to test 
experimentally whether any diurnal variation detected might 
be attributable to changing light levels. 
MATERIALS AND METHODS 
To study diurnal variation in spore concentration, Lees Creek 
in the Australian Capital Territory (see Thomas et al., 1991, 
site 2) was sampled at 06.00 and 18.00 h each day over three 
days in late October 1990. The fungal spores were collected 
by membrane filtration (Iqbal & Webster, 1973) of 250 ml 
water samples with eight replicates. The filters were scanned 
under a microscope at 100 x magnification. 
To determine whether variation in spore counts could be 
brought about artificially by changing light levels, the 
following experiment was carried out at the source of a 
tributary of Lees Creek. This stream source was cleared of 
decaying vegetable matter for 4 m, and enlarged to form a 
pool 0·8 m wide and 50 mm deep. Then a heterogeneous 
mixture of decaying plant material, i.e. leaves, twigs, bark etc., 
was removed from the lower site on Lees Creek and 
transported to the source where it was placed into the first 
1·5 m of the stream and held in place by wire mesh (mesh size 
10 by 10 mm). Black plastic sheeting attached to a steel frame 
was suspended over the mesh in order to exclude light from 
the litter. The fungal population in the litter was allowed three 
days to stabilize. Then on the following three days, at 14.00 h, 
the spora was sampled by membrane filtration, using five 
replicates each of 0·5 1 of water collected 2 m below the pool. 
The plastic cover was left in place until after sampling on the 
first day to keep the litter dark and then removed from the 
frame. After sampling on the second day, which followed a 
period of light, the cover was restored. Sampling on the third 
day therefore followed a second period of dark. 
RESULTS 
Results of the observational study (Table 1) show clear 
evidence of a diurnal fluctuation in spore counts. Total spore 
numbers rose each day and fell each night (Table 1). The 
magnitude of the daily increase in total spore counts was 24, 
26 and 38 % respectively over the three successive days, while 
spore counts declined by 30 and 17 % over the intervening 
nights (Table 2). The ten most common species, which 
accounted for > 85 % of all spores collected, were selected 
for individual analysis: Alatospora acuminata sensu lato, 
Anguillospora crassa Ingold, Clavariopsis aquatica de Wild., 
Culicidospora aquatica Petersen, Flagellospora sp. (Sp.33), 
Lunulospora cymbiformis Miura, Tricladium chaetocladium Ingold 
and unknown species Sp.8, Sp.20 and Sp.47. The number of 
spores of every one of these species rose each day and fell 
each night (Table 1). The magnitude of the diurnal fluctuations 
varied between individual species. The species showing the 
Model of stream fungi 
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Fig. 5. Analysis of some more real data - by plotting rate of change 
of spore concentration against spore concentration. (a) Linear 
relationships obtained with three spore populations which were not 
tending to equilibrium; Flagellospora penicillioides ( e ), Anguillospora 
crassa (,A.), Tricladium chaetocladium (.). (b) Two examples of spore 
populations which did not give a linear relationship. Anguillospora 
filiformis (*), Sp. 20 ( + ). Data are from Lees Creek, Australian 
Capital Territory (Thomas et al. 1991). Key: Su and SD are adjacent 
measures of spore concentration, L km upstream or downstream 
with respect to each other (SD -.Su)/L = rate of change in spore 
concentration 1-1 km-1. (SD+ Sul/2 = mean concentration of spores 
1-1 for that region of the stream. 
present pattern of abundance of fungal colonies which had 
been previously generated in a cascade manner down the 
stream. The pattern may also result if there is a gradual change 
in physicochemical variables along the stream, as occurred 
with temperatures (Thomas et al., 1991), and such a change is 1 
not linear in its influence on spore production. 
Spores of other fungi formed no consistent pattern when 
analysed in the above manner. Two examples of such 
fluctuating patterns of occurrence are shown in Fig. 5 b, for 
spores of Anguillospora filiforms Greathead and an unknown 
species, 'Sp. 20'. Perhaps these varied patterns may usefully 
be considered as a third class of response. From the existence 
of six linear patterns, and the specific evidence that three fungi 
had very similar half-lives, it is reasonable to assume that rates 
of loss probably change relatively little. In that case, those 
fungi showing discontinuous and varied distribution down-
(Received for publication 22 August 1989 and in revised form 16 March 1990) 
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stream might be considered a 'variable input' group of 
species. 
The proposed simple dynamic model has allowed a valuable 
insight into the dynamic workings of fungal populations in a 
stream. The method of graphical analysis to which it ga:ve rise 
appears capable of permitting real inputs and outputs to be 
estimated for some fungi, and is useful for revealing 
unsuspected patterns of change. There is a need to apply the 
technique to other streams, to see whether the same patterns 
found here are reproduced elsewhere, and also whether the 
same pattern attaches to the same fungi in different streams. 
The three fungi which fitted the 'arithmetic input' model were 
all tetraradiate spored species, and two of the fungi which 
fitted the 'geometric input' pattern were both sinuate spores. 
This correlation between spore structure and population 
pattern suggests that there may be an underlying functional 
relationship. 
The different patterns of change down the stream may 
reflect different strategies for exploiting the environment, 
which might involve preference for different substrata, 
competitive ability or tactics of spore dispersal. A finer-scale 
spatial study should reveal something about the 'variable 
input' species, and give some clue as to whether they are more 
specific for substrata or local environmental conditions than 
those species showing a continuous input. The 'arithmetic 
input' group of fungi may represent those species endemic at 
consistent levels on a wide variety of substrata, or specializing 
on continuously available persistent substrata such as woody 
materials. More data collection is planned with the object of 
trying to clarify some of the questions raised by this study. 
This work was supported by an Australian Post Graduate 
Research Scholarship awarded to K. Thomas. 
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Fig. 3. Analysis of some real data - by plotting rate of change of 
spore concentration against spore concentration. (a) Linear relation-
ships obtained with two spore populations apparently rising towards 
equilibrium. £, Clavariopsis aquatica, e, Alatospora acuminata. (b) 
Linear relationship obtained with a population of Tetrachaetum elegans 
spores ( e ), which was apparently falling towards equilibrium. Data 
are from Lees Creek, Australian Capital Territory (Thomas et al., 
1991). Key: Su and SD are adjacent measures of spore concentration, 
L km upstream or downstream with respect to each other. (SD-SD)/L 
=rate of change in spore concentration 1-1 km-1. (SD+ Su)/2 = 
mean concentration of spores 1-1 for that region of the stream. 
Arrows indicate direction of change towards equilibrium. 
along a stream. Four of these (sites 2, 3, 4, 5) lay along a 
section of stream with neither significant tributaries nor 
changes in the structure of riparian vegetation, and so 
provided the possibility for a relatively constant input and 
loss of spores. The four sites allowed for determination of 
three rates of change in net increment/decrement, the 
minimum number needed to test for a linear relationship. 
Accordingly, data for the fourteen major fungal species in the 
stream were analysed by the above graphical technique. Six of 
the fourteen species gave a good relationship between net 
increment rate and total number of spores; a result which is 
extremely unlikely to occur by chance. 
Three of these straight-line relationships (Fig. 3), were in 
accord with the model. The spore concentrations of 
Clavariopsis aquatica de Wild. and Alatospora acuminata sensu 
/ato were apparently increasing towards equilibrium levels of 
203 and 246 spores 1-1 respectively. From the intersects with 
the net increment-rate axis they appeared to have absolute 
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Fig. 4. Comparison between real and simulated changes in spore 
concentration with distance downstream. (a) Clavariospsis aquatica 
(£), Alatospora acuminata (e). (b) Tetrachaetum elegans (.). -- -
real data, ----- - simulated data. 
rates of spore increment of 203 and 218 spores 1-1 km-1• By 
contrast, the spore concentrations of Tetrachaetum elegans 
Ingold were declining towards an equilibrium level of 
7 spores 1-1, and extrapolation of the graph to the intersect 
with the net rate axis gave an estimate for absolute increment 
rate of 6 spores 1-1 km-1. Although the increment rates of the 
first two were much higher than those of the last, a calculation 
of their persistence in terms of half-lives gave very similar 
values for all three fungi : A. acuminata 0·69 km, C. aquatica 
0·78 km and T. elegans 0·81 km. To check these extracted 
values, they were fed back into the model, together with 
initial spore concentr9tions (51) as at site 2, and the model run 
to generate simulations of changes in spore concentrations 
over that section of the stream. A good fit to the real data was 
achieved using the simulated data, based only on the three 
parameters I, H and 51 (Fig. 4). 
The graphical analysis for the three other fungi which gave 
linear relationships between net increment rate and total 
number of spores is shown in Fig. 5 a. In these cases -
Flagellospora penicillioides Ingold, Anguillospora crassa Ingold 
and T ricladium chaetocladium Ingold - the straight lines are 
rising away from the axis, which is interpreted to mean that 
spore numbers were being added to the stream geometrically. 
It may also be significant that the graphs for the two sinuate 
spore types, F. penicillioides and A. crassa, if projected 
backwards, originate close to the axes' zero intersect. The 
increase in spore numbers appears to be following an 
autocatalytic pattern. This pattern of spores might represent a 
Model of stream fungi 
increment value but all sharing the same half-life. As in Fig. 1 b, 
c, the populations eventually equilibrate, but this time they 
approach equilibration levels from above. This comparison 
emphasizes that the equilibrium levels arrived at are 
independent of the starting quantities of spores, being 
determined only by the rate factors. 
Table 1 shows equilibrium spore concentrations (SE) for a 
range of different half-lives and increment rates, derived by 
using the iterative produce or from the following equation: 
(ii) 
IMP LI CA TIO NS OF THE MODEL 
The equilibria as such are probably of limited practical 
significance, because it seems unlikely that a stream would 
remain sufficiently constant over the long distances required 
for equilibrium levels to be attained. But some of the other 
features of these curves are of more immediate practical 
interest. 
Decay curves for spore populations can provide indications 
of rates of loss. The special cases illustrated in Fig. 1 a, where 
there were no spore additions at all, allow direct measurement 
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Fig. 2. Analysis of some simulated data by plotting rate of change 
of spore concentration against spore concentration. (a) Linear 
relationships obtained with three spore populations rising towards 
equilibrium. Spore types had different half-lives and identical 
increment rates (simulated data from Fig. 1 b). (b) Linear relationships 
obtained with three spore populations falling towards equilibrium. 
Spore types had identical half-lives and different increment rates 
(simulated data from Fig. 1 d). Key: Su and SD are adjacent measures 
of spore concentration, L km upstream or downstream with respect 
to each other. (SD-Su/L =rate of change in spore concentration 
1-1 km-1. (SD+ Su)/L =mean concentration of spores 1-1 for that 
region of the stream. Arrows indicate direction of change towards 
equilibrium. 
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of the basic decay rate by reading off the time to lose half the 
spores. These have their place in situations where thei:e is a 
continuous input of particular organisms at just one point on 
a stream. A full record of changes along the stream is not 
necessary to determine a half-life: incomplete data can be 
plotted as the log2 of organisms against distance, and if these 
result in a straight-line relationship, the slope of the line gives 
the half-life. The data of Ward (1975) did not include any for 
fungal spores, but there might be situations where spores of 
a species not usually present in a stream are inserted into it at 
the confluence with a side stream. Another situation which 
may occur is where a stream abruptly changes character, and 
some spore types are no longer input into it. The latter will 
be more difficult to recognize, because spore populations 
might be declining and yet there still remains some input of 
spores (Fig. Id). Nevertheless, net decline rates obtained from 
regions of marked spore decline would at least indicate 
something about_ minimum limits for rate of loss, i.e. maximum 
limits for half-lives. In the opposite situation, where spore 
populations are increasing rapidly, even though loss rates may 
not be known, the net rates of increase at least would give 
some indication of maximum limits for input rates. As 
indicated by Fig. 1 b, c, measurements of net rates of increase 
at or near the stream source would closely approximate 
absolute input rates. 
The model also shows how information about additions 
and losses of spores to and from the stream may be estimated 
in less special circumstances. If, instead of plotting spore 
concentration against distance, pairs of measurements from a 
model run are used to extract net increments by subtracting 
the upstream spore concentrations (Su) from the downstream 
spore concentrations (Sn), and these are plotted against spore 
concentration as in Fig. 2a, these two parameters are seen to 
be linearly related. At the intersect of this line with the net-
increment axis, where total spore concentration falls to zero, 
the net increment equals the absolute value of the increment 
rate (I). Also, at the other intersect of the line with the total 
spore concentration axis, where net increment of spores falls 
to zero, spore concentration equals the equilibrium spore 
concentration value (SE). From these two values the half-life 
of spores in the stream can be calculated using the following 
equation: 
(iii) 
The same relationship holds true where the net spore 
concentration is declining towards equilibrium concentration, 
as shown in Fig. 2 b. In this case the intersect with the total 
spore axis again gives the equilibrium spore concentration; 
the absolute increment value (I) can be obtained by 
extrapolating the graph line back to the net increment axis. 
Here again, a full set of spore concentration data such as that 
obtained from the model is not required, merely sufficient 
points to establish the straight-line relationship. 
ANALYSIS AND SIMULATION BASED ON 
REAL DATA 
In the observational study which provoked this model 
(Thomas, Chilvers & Norris, 1991), six sites were sampled 
K. Thomas, G. A. Chilvers and R.H. Norris 
The consequent model can be represented: 
52 = 51e(loge 0·5)L/H +IL, (i) 
where 52 = concentration of spores at present location (no. 
1-1), 51 = concentration of spores at the upstream location 
(no. l-1), L = length of stream interval between locations (km), 
H = half-life of spores (km), I = spore increment rate (no. 
1-1 km-1). 
This equation was programmed in BASIC as an iterative 
continuous systems model, with provision for putting in 
different values at the start of each simulation run, and for 
selecting calculation and output intervals. 
GAMING THE MODEL 
The model was gamed (Fig. I), starting with concentrations of 
either 0 or 1000 spores 1-1, setting half-lives of spores within 
the range 0·5-4 km, with spore increment rates within the 
range 50-10000 km-1. A calculation interval of Im was 
selected, with outputs at IO m or 100 m intervals. 
The model shows declining spore populations for several 
spore types with different half-lives and zero increments (Fig. 
I a). Figure I b shows curves of increasing spore populations 
for the same spores as in Fig. I a, all with increments at the rate 
of 300 spores 1-1 km-1. Spore numbers increase rapidly at first, 
then more slowly, as the magnitude of the losses begins to 
catch up with additions. Eventually equilibrium is achieved, 
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Table 1. Equilibrium populations for various values of spore increment 
rate and spore half-life 
Equilibrium spore concn (no. 1-1) 
Increment for following spore half-lives (km) 
rate (J) 
(no. 1-1 km-1) 0·5 l·O 1·5 2·0 2"5 
50 36 72 108 144 180 
100 72 144 216 289 361 
200 144 289 433 577 721 
500 361 721 1082 1443 1803 
1000 721 1443 2164 2885 3607 
2000 1443 2885 4328 5 771 7214 
5000 3607 7214 10820 14427 18034 
10000 7214 14427 21640 28854 36067 
when losses match increments. The highest equilibrium levels 
are achieved by spores with the longest half-life. The longer 
the half-life the longer it takes to reach equilibrium. Figure le 
shows curves of increasing populations for several spores 
having the same half-life, but which are being added to the 
stream at different rates. In this case all took the same time to 
reach equilibrium levels, and equilibrium levels differed in 
proportion to differences in increment values. The time for 
populations to achieve half their equilibrium level concen-
trations is equal to the half-life of the particular spore (Fig. I b, 
c). Figure Id shows declining curves for populations of spores 
started at a high level, each spore type having a different 
(h) 
2·0 km 
l·Okm 
0·5 km 
200 km- 1 
100 km- 1 
50 km- 1 
2 4 6 8 IO 12 
Distance downstream (km) 
Fig. 1. Use of the model to simulate change in spore concentrations with distance downstream. (a) Comparison between three spore 
types having different half-lives, of O·S, l·O and 2·0 km. Initial spore concentrations were 1000 1-1 ; no further additions of spores were 
made. (b) Comparison between three spore types having different half-lives, of O·S, l·O and 2·0 km added to the stream at the same 
increment rate (300 1-1 km-1). Initial spore concentrations nil. (c) Comparison between three spore types having identical half-lives 
(1 km), and different increment rates of 200, 400 and 600 km-1 . Initial spore concentrations nil. (d) Comparison between three spore 
types having identical half-lives (1 km), and different increment rates of 50, 100 and 200 km-1 . Initial spore concentrations 1000 1-1. 
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A continuous systems model has been used to clarify the dynamics of populations of fungal spores in a body of water moving 
down an idealized stream. A simple graphical method has been developed for analysing spore inputs and outputs, applicable to 
relatively stable sections of streams lacking perturbing factors. This analytical method has been tested using data obtained from an 
Australian upland stream, and its practicability demonstrated. Three classes of behaviour were distinguished: species whose spores 
appeared to be added at a constant arithmetical rate over distance; species whose spores were added at a constant geometrical rate 
over distance as if by an autocatalytic process; and species whose spores were added at variable rates over distance. For species in 
the first category, where input and output rates could be reliably estimated, input of spores ranged from 8 to 2001-1 1crn-1, but their 
persistence, expressed as half-lives, was almost identical at 0·7--0·8 km. 
During studies on the hyphomycete fungal spora of an 
Australian freshwater stream (Thomas, Chilvers & Norris, 
1989, 1991) it became apparent that there was a need to 
develop a dynamic view of the way spore concentrations 
behaved in a stream. The three previously published studies 
that have measured spore concentrations of aquatic hypho-
mycetes along a stream (Shearer & Webster, 1985; Akridge & 
Koehn, 1987; Suberkropp et al., 1988) have either sampled 
streams that flow through changes in riparian vegetation 
between sampling sites or streams that have side streams 
entering the main stream. These changes in riparian vegetation 
and presence of side streams limit the interpretation of the 
data in dynamic terms. 
Samples of spores taken at points along. a stream represent 
the survivors of spores added to water over an indeterminate 
length of stream back from the point of sampling. Spore 
concentraticins may owe little to the conditions at the 
sampling site. A sequence of samples taken at different 
positions along a stream provides a better view of the 
hyphomycete community than any single sample, but each 
sample still represents a net population of spores derived from 
accumulated inputs and losses of spores. We have found no 
literature to guide us when we attempted to interpret such a 
sequence of samples in dynamic terms. Accordingly, we 
decided to build a simple model to help clarify the way in 
which spore populations might behave in an idealized stream, 
and in tum provide an insight into the dynamics of spore 
populations in Lees Creek. This paper describes the basis and 
functioning of the model, and shows how inputs and losses of 
spores can be estimated for some fungi along relatively stable 
sections of streams lacking pertu~bing factors. 
THE MODEL 
The initial model was constructed around an idealized stream 
assumed to have a constant flow rate, homogeneous bed and 
physicochemical conditions, and with historically equilibrated 
fungal populations. The model focused on the population of 
spores in a body of water as it moved downstream, and 
incorporated simple rules determining additions and losses of 
spores to and from that population at short intervals down the 
stream. Any sequence of results obtained may be regarded 
either as a time sequence of changing spore numbers for 
that particular body of water, or as a spatial sequence 
showing abundance of spores along the stream at a given 
time. 
Loss of . spores was conceived to be a geometric process, 
with each spore deemed to have a constant probability of 
being lost by sedimentation or impaction during each 
calculation interval. The basis of this assumption is from Ward 
(1975), who followed the fate of zooplankton released from a 
dam into a stream. He found that 55 % of zooplankton 
remained after 2·5 km, 36% after 5 km, and 17% after 8·5 km. 
If these values (including 100 % at the start) are plotted as log2 
values against distance, the points fit a straight line, showing 
that the decline follows a typical decay curve with a half-life 
of approximately 3 km. 
Addition of spores was conceived, conversely, to be an 
arithmetical process, with a constant number of spores of each 
species being added during each interval. This is consistent 
with the assumption of a turbulent, well-mixed stream with an 
even distribution of substrata supporting a constant turnover 
of fungal growth and sporulation. 
K. Thomas, G. A. Chilvers and R.H. Norris 
Above all else is the need to develop a more dynamic view of 
how spore concentrations vary in small swiftly flowing 
streams, since most of the other issues are obscured when it 
is not possible to distinguish clearly between input and output 
effects. A following paper (Thomas, Chilvers & Norris, 1991) 
approaches this important question through the medium of a 
simple simulation model. 
This work was supported by an Australian Post Graduate 
Research Scholarship awarded to K. Thomas. 
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A continuous systems model has been used to clarify the dynamics of populations of fungal spores in a body of water moving 
down an idealized stream. A simple graphical method has been developed for analysing spore inputs and outputs, applicable to 
relatively stable sections of streams lacking perturbing factors. This analytical method has been tested using data obtained from an 
Australian upland stream, and its practicability demonstrated. Three classes of behaviour were distinguished: species whose spores 
appeared to be added at a constant arithmetical rate over distance; species whose spores were added at a constant geometrical rate 
over distance as if by an autocatalytic process; and species whose spores were added at variable rates over distance. For species in 
the first category, where input and output rates could be reliably estimated, input of spores ranged from 8 to 2001-1 km-1, but their 
persistence, expressed as half-lives, was almost identical at 0·7-0·8 km. 
During studies on the hyphomycete fungal spora of an 
Australian freshwater stream (Thomas, Chilvers & Norris, 
1989, 1991) it became apparent that there was a need to 
develop a dynamic view of the way spore concentrations 
behaved in a stream. The three previously published studies 
that have measured spore concentrations of aquatic hypho-
mycetes along a stream (Shearer & Webster, 1985; Akridge & 
Koehn, 1987; Suberkropp et al., 1988) have either sampled 
streams that flow through changes in riparian vegetation 
between sampling sites or streams that have side streams 
entering the main stream. These changes in riparian vegetation 
and presence of side streams limit the interpretation of the 
data in dynamic terms. 
Samples of spores taken at points along a stream represent 
the survivors of spores added to water over an indeterminate 
length of stream back from the point of sampling. Spore 
concentrations may owe little to the conditions at the 
sampling site. A sequence of samples taken at different 
positions along a stream provides a better view of the 
hyphomycete community than any single sample, but each 
sample still represents a net population of spores derived from 
accumulated inputs and losses of spores. We have found no 
literature to guide us when we attempted to interpret such a 
sequence of . samples in dynamic terms. Accordingly, we 
decided to build a simple model to help clarify the way in 
which spore populations might behave in an idealized stream, 
and in tum provide an insight into the dynamics of spore 
populations in Lees Creek. This paper describes the basis and 
functioning of the model, and shows how inputs and losses of 
spores can be estimated for some fungi along relatively stable 
sections of streams lacking perturbing factors. 
THE MODEL 
The initial model was constructed around an idealized stream 
assumed to have a constant flow rate, homogeneous bed and 
physicochemical conditions, and with historically equilibrated 
fungal populations. The model focused on the population of 
spores in a body of water as it moved downstream, and 
incorporated simple rules determining additions and losses of 
spores to and from that population at short intervals down the 
stream. Any sequence of results obtained may be regarded 
either as a time sequence of changing spore numbers for 
that particular body of water, or as a spatial sequence 
shoWing abundance of spores along the stream at a given 
time. 
Loss of spores was conceived to be a geometric process, 
with each spore deemed to have a constant probability of 
being lost by sedimentation or impaction during each 
calculation interval. The basis of this assumption is from Ward 
(1975), who followed the fate of zooplankton released from a 
dam into a stream. He found that 55 % of zooplankton 
remained after 2·5 km, 36% after 5 km, and 17% after 8·5 km. 
If these values (including 100 % at the start) are plotted as log2 
values against distance, the points fit a straight line, showing 
that the decline follows a typical decay curve with a half-life 
of approximately 3 km. 
Addition of spores was conceived, conversely, to be an 
arithmetical process, with a constant number of spores of each 
species being added during each interval. This is consistent 
with the assumption of a turbulent, well-mixed stream with an 
even distribution of substrata supporting a constant turnover 
of fungal growth and sporulation. 
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Above all else is the need to develop a more dynamic view of 
how spore concentrations vary in small swiftly flowing 
streams, since most of the other issues are obscured when it 
is not possible to distinguish clearly between input and output 
effects. A following paper (Thomas, Chilvers & Norris, 1991) 
approaches this important question through the medium of a 
simple simulation model. 
This work was supported by an Australian Post Graduate 
Research Scholarship awarded to K. Thomas. 
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Aquatic hyphomycete spore concentrations 
an increase of 300 spores 1-1 (Table 3), equivalent to 6000 
spores 1-1 km-1. This significant increase in total spore count 
is most simply explained by postulating a high input of spores 
from Blundells Creek at its confluence with Lees Creek. Most 
of the enhanced input of spores resulted from the species A. 
acuminata, Anguillospora crassa Ingold, Anguillospora filiformis, 
C. aquatica and unknown species 8 and 33. 
In the central section, between sites 2 and 5, there was a 
relatively steady increase in spore numbers with distance, 
averaging 646 spores 1-1 km-1. Akridge & Koehn (1987) 
recorded an increase in total spore numbers in a downstream 
direction over three sites, which they attributed to increasing 
riparian vegetation along the stream and to the possible 
accumulation of leaves. In another study on longitudinal 
distribution patterns, Shearer & Webster (1985) suggested 
that 'the amount of allochthonous material present at and 
immediately upstream' of a site 'was an important factor in 
determining conidial numbers'. However, riparian vegetation 
along Lees Creek is relatively constant from sites 2 to 5, so the 
amount of litter deposited into the stream from the vegetation 
would be similar from sites 2 to 5. Substrata might slowly 
accumulate along the stream as material is gradually 
transported downstream, but there was no visual evidence of 
any progressive change in the amount of leaf litter in the 
stream. In any case, there is no need for a progressive increase 
in spore input to the stream to explain a progressive increase 
in net spore load. If the rate of spore input exceeds the rate 
of loss, a constant input of spores will lead to a progressive 
increase in spore load along the stream. 
Spores of aquatic hyphomycetes have evolved for impacting 
and trapping on substrata (Ingold, 1979) in addition to some 
which sediment out, and thus spores are being continually 
removed from the stream. Webster & Shearer (1985) suggested 
'that conidia do not remain suspended in water for very long 
distances'. The actual scale of distance dispersal for spores is 
not known. Some guide to how far spores might travel can be 
estimated from Ward (1975), who followed the fate of 
different sizes of zooplankton released from a reservoir into a 
small steam. He found that 55 % of the plankton remained in 
the stream after 2·5 km. If the fungal spora in Lees Creek were 
to be of comparable persistence, then only a modest input of 
spores would be needed to ensure a net increase in spore 
counts downstream. For example, if 55 % of the spores from 
site 2 persisted the 2·5 km until site 4, they alone would 
contribute over a quarter of the spores detected there. Ward 
(1975) also found that the larger zooplankton, or ones with 
large appendages, were lost faster than the smaller zoo-
plankton. In a laboratory experiment Webster (1959) found 
branched spores were trapped on a collodion-coated glass rod 
at a higher efficiency than sigmoid spores. Presumably large 
. branched spores such as those of T. elegans and T. chaetocladium 
would also be lost from the stream faster than the small 
sigmoid spores such as F. penicillioides and Lunulospora i:urvula 
Ingold. This might in part explain the disproportionate 
increase in spores of F. penicilliodes (IO x) and L. curvula (30 x) 
between sites 2 and 5 relative to the smaller average increase 
(3 x ) across all spore types. By contrast, the large branched 
spores of T. chaetocladium increased only twofold, a slower 
rate than average, while T. elegans actually decreased (Table 3). 
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This is also consistent with the above suggestion of differential 
losses between species. 
Some of the abrupt changes in spores concentration within 
species are unlikely to arise from changes in loss rates along 
the stream. Thus L. curvula increases in abundance sevenfold 
between sites 3 and 4; but the abundance of L. cymbif ormis 
simultaneously increased by only one-quarter. To explain this 
in terms of differential loss rates would require similar 
differences between the impact and sedimentation rates of 
these two similar spores types as exist between sinuate and 
branched spores. So these marked changes in concentration 
must be mainly due to changes in rates of spore input as the 
stream flows between sites 3 and 4. 
For the last section, between sites 5 and 6, there was a 
decrease in spores of about 316 1-1 km-1 ; presumably the rate 
of spore input to the stream was lower than the rate of spore 
loss. This reduction in total spore numbers corresponds with 
the reduction in native riparian vegetation after site 5, and its 
partial replacement by exotic vegetation. The change in 
riparian vegetation after site 5 will result in a change of 
substrate quantity and possibly a change in quality, as any 
endemic fungi may be unsuited to the exotic leaf litter. Ten 
species showed declines paralleling the 35 % reduction in total 
spores; of these species L. cymbiformis and possibly the three 
unknown species have not been recorded from Europe or 
North America. L. cymbiformis and the unknown species may 
lack adaptation to the exotic flora derived from the northern 
hemisphere. The species that did not decline in this section of 
stream either remained relatively constant (T. elegans and F. 
penicillioides) or increased (Alatospora acuminata and Anguil-
lospora filiformis); these species are clearly capable of 
exploiting conditions in the stream between sites 5 and 6 and 
perhaps benefiting froi;n the change in riparian vegetation. 
However, aquatic hyphomycetes in general are not regarded 
as showing specificity for leaves from different plant species, 
although it has been postulated that greater variation of 
substrata type allows more species to coexist (Shearer & 
Webster, 1985). 
Debris dams in second-order streams such as Lees Creek 
can contain up to 50 % or more of the particulate organic 
materials accumulated within the stream (Bilby & Likens, 
1980). If the local presence of a large amount of substrata was 
to influence total local spore numbers such an effect should be 
evident immediately after a large debris dam. However, no 
such increase in total spores occurred in this present study 
(Table 4). Presumably as well as inputting spores, a debris dam 
may also act as a trap for spores, as evidenced by the post-
dam reduction in spore counts of L. cymbiformis and sp. 8. The 
increase in spore counts of some species after the debris dam 
(Table 4) is probably an indicator that these species are well 
established in the substrata accumulated in the dam. But while 
this debris dam was seen to influence the relative composition 
of the stream spora, the effects were smaller than would have 
been expected. 
Major questions raised by this study requiring further 
attention are: whether spore development and release in some 
species of aquatic hyphomycetes are influenced by light; 
whether there is a differential capacity among the local aquatic 
hyphomycetes to utilize native and exotic litter as a substrate. 
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Table 3. Spore concentrations of aquatic hyphomycetes at six sites along Lees Creek 
Mean number of spores 1-1 
2 3 4 5 6 
Alatospora acuminata 63 99 175 190 206 531 
A A A A A B 
Anguillospora crassa 14 41 58 85 126 37 
A AB AB BC c AB 
Anguillospora filiformis 2 17 50 38 84 I03 
A A B B c c 
Clavariopsis aquatica 73 115 199 238 238 I04 
A A B B B A 
Clavatospora longibrachiata 22 24 20 16 57 34 
A A A A B A 
Flagellospora penicillioides 12 14 28 70 147 144 
A A A B c c 
Lunulospora curvula 5 13 57 265 394 222 
A A B c D E 
Lunulospora cymbiformis 328 370 663 837 1437 598 
A A B c D B 
Tetrachaetum elegans 30 30 15 IO 6 8 
A A B B B B 
T ricladium chaetocladium 80 98 114 146 198 142 
A A AB B c B 
Unknown sp. 8 32 62 87 40 121 27 
A B c AB D A 
Unknown sp. 20 24 32 50 87 54 22 
A A B c B A 
Unknown sp. 33 58 114 186 131 255 75 
A BC D c E AB 
Unknown sp. 47 25 33 38 52 67 51 
A A AB AB B AB 
Total spores (%) 86·7 89·7 90·7 90·5 92•4 88•4 
accounted for by the 
above species 
Totals of all 882 1182 1928 2437 3669 2375 
spores collected 
A B c D E F 
Means with the same letter are not significantly different as compared by the Student-Newman-Keuls procedure (P > 0·05). 
Table 4. Concentration of spores of aquatic hyphomycetes above and below a debris dam 
1 December 1988 IO March 1989 
(Mean no. of spores l-1) (Mean no. of spores l-1) 
Above Below t Above Below t 
Alatospora acuminata 158 190 2·0699• 142 125 0·8664 
Anguillospora crassa 87 85 0·1803 60 60 O·OOOO 
Anguillospora filiformis 34 38 0•5708 62 82 1•3373 
Clavariopsis aquatica 243 238 0·2556 173 189 1•0335 
Clavatospora longibrachiata 27 16 1·6330 91 95 0·4394 
Flagellospora penicillioides 54 70 2•7472 .. 639 575 1•1369 
Lunulospora curvula 262 265 0•0884 1149 1209 0•9523 
Lunulospora cymbiformis 913 837 2·1913• 2598 2598 O·OOOO 
Telrachaetum elegans 6 IO 1-4122 41 39 0·2057 
T ricladium chaetocladium 115 146 2·6222 .. 178 250 3•3186 .. 
Unknown sp. 8 66 40 1·9669. 132 165 1·3124 
Unknown sp. 20 50 87 2·4329 .. 78 78 O·OOOO 
Unknown sp. 33 152 131 1'5241 240 254 0·3642 
Unknown sp. 47 66 52 1'5922 52 54 0·2051 
Totals of all 2460 2436 0·2483 6050 6180 0·3895 
spores collected 
• P < o· 10; •• P < o·o5. 
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Table 1. Spore concentrations of aquatic hyphomycetes over a 
12 h period 
Alatospora acuminata 
Clavariopsis aquatica 
Lunulospora cymbiformis 
Tricladium chaetocladium 
Unknown sp. 8 
Unknown sp. 20 
Unknown sp. 33 
Totals of all 
spores collected 
Mean no. of spores 1-1 over 
the following sampling times 
06·00 10·00 14•00 
66 64 72 
18·00 
86 
No significant difference detected 
103 92 158 154 
A A B B 
91 77 96 100 
No significant difference detected 
60 51 75 80 
AB A B B 
86 83 88 87 
No significant difference detected 
69 52 61 113 
A A A B 
113 119 120 119 
No significant difference detected 
854 
A 
788 
A 
988 
B 
998 
B 
Means with the same letter are not significantly different as compared by 
the Student-Newman-Keuls procedure (P > 0·05). 
Longitudinal variation 
Water temperature, pH and conductivity increased pro-
gressively downstream while oxygen concentration fell. 
Conductivity was consistently low throughout and the water 
was slightly acidic (Table 2). 
The mean number of species per sample at each site (Table 
2) increased progressively downstream until site 4 and then 
remained the same until site 6. The mean number of species at 
each site can only be regarded as approximate, because of the 
difficulty in assigning some of the filiform spores to species on 
the basis of spore shape alone. For this reason no statistical 
tests were applied to these data. 
The total spore count increased progressively downstream 
until site 5 (Table 3), rising from 882 1-1 at site 1 to 3669 1-1 
at site 5. But between sites 5 and 6 total spore count fell to 
2375 1-1 at site 6. All sites were significantly different (F = 
92·43; df = 6, 28; P < O·OOOl, Table 3). 
The fourteen most common species, all of which could be 
reliably identified, accounted for greater than 85 % of all 
spores counted at each site (Table 3). Spore counts of all 
species often differed significantly between sites (Table 3). 
Spore concentrations of twelve of the fourteen species 
increased downstream until site 5. The exceptions were 
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Tetrachaetum elegans de Wild., with higher counts at sites 1 and 
2 falling thereafter, and Clavatospora longibrachiata (Ingold) 
Nilsson ex Marvanova & Nilsson, which was constant until 
site 5. Between sites 5 and 6, spore concentrations_ of ten 
species fell significantly. The only significant increase involved 
A. acuminata, Anguillospora filiformis Greathead. Flagellospora 
penicillioides Ingold and T. elegans remained constant (Table 3). 
Debris dam 
Few significant differences were found between total spore 
counts either side of the debris dam at either sampling time 
(Table 4). Of the fourteen species examined, seven increased 
in concentration and the remaining species fell after passing 
the dam on 1 Dec., while on 10 Mar. only .three species fell 
in concentration after the dam. Of the species that changed in 
concentration when passing the dam, only T. chaetocladium 
spores increased significantly (30-40 % on both occasions 
(Table 4)). 
DISCUSSION 
The increase in spore counts recorded from morning to 
afternoon (Table 1) does not appear to be related to either 
water temperature or stream flow, since these remained 
constant. Most of the spora collected early in the morning 
probably developed, and were released, in the dark. By the 
afternoon all the spora collected then would have been 
developed and released in the light. It is possible that spore 
production by some species of aquatic hyphomycetes may be 
enhanced by light. The change in spore numbers between 
morning and afternoon was taken into account when the 
longitudinal sampling was performed, with efforts made to 
keep the time taken for sampling to a minimum. 
Between sites 1 and 5, the downstream increase in spore 
numbers corresponds to increasing pH, conductivity and 
temperature (Tables 2, 3). But this relationship breaks down 
between sites 5 and 6, as total spore numbers fall sharply 
despite the continuing trend in physicochemical factors. 
Temperature can influence growth and sporulation of aquatic 
hyphomycetes in laboratory culture (Suberkropp, 1984; 
Webster, Moram & Davey, 1976) and probably plays a large 
part in seasonal trends, but temperature and the changes in the 
other physicochemical factors probably had a negligible role 
in the present situation. 
To explain changes in spore numbers down the stream it is 
appropriate to consider Lees Creek in three sections. In the 
first section, between Sites 1and2, only 50 m apart, there was 
Table 2. Physicochernical variables and mean number of species of aquatic hyphomycetes recorded for six sites along Lees Creek 
Site 
1 2 3 4 5 6 
Distance from site 1 (km) 0 0·05 1·2 2·5 3·9 8·0 
Temperature (0 C) 10•25 10·60 11•66 12·90 14·37 15·51 
pH 6·42 6·32 6·58 6·63 6·69 6·90 
Conductivity (µS cm-1) 31 34 36 41 44 49 
Dissolved oxygen (mg 1-1) 9·27 9•26 9·37 9·20 8·57 7•70 
Mean number of species 25·6 29·0 32•0 35·0 34·6 34·6 
K. Thomas, G. A. Chilvers and R. H. Norris 
/,,,-., 
/ \ 
// '--, 
I 
I 
/ 
/ 
tQ-Study 
) area 
I 
I 
\ A.C.T. I i 
~.l \ 
I \ 
\ \ 
I \ 
~v j { 
i I \ ./ 
-~! 
I 
I 
,,.,,~ __ _,,,· 
Site II) <)Site 2 
Native eucalypt forest 
148° 50' E 
Fig. 1. Location of sampling sites along Lees Creek 
site 5 the native overstorey riparian vegetation has been 
reduced to patches, some of the gaps being replaced by the 
exotic Pinus radiata D. Don. Native understorey and ground-
cover vegetation has become sparse and replaced by dense 
thickets of the exotic Rubus fruticosus sensu lato. Site 6 has 
entirely exotic riparian vegetation, predominantly of R. 
fruticosus and P. radiata, for more than 1 km upstream. Sites 2 
and 6 are the same as sites A and B used by Thomas et al. 
(1989). 
Sampling procedures 
(i) The study of variation in spore concentration over time 
involved sampling the stream from site 2 over 12 h on 25 Sep. 
1987 at 06·00, IO·OO, 14·00 and 18·00 h Australian Eastern 
Standard Time. Eight replicates were taken at each time. 
(ii) For the study of longitudinal variation, five replicate 
samples were taken at each of the six sites on 1 Dec. 1988. 
(iii) A debris dam, which jams the creek for 5 m, is located 
immediately upstream of site 4. Five replicate samples were 
taken above and below the debris dam on 1 Dec. 1988 and 
again on IO Mar. 1989. 
All sampling was performed 1-2 wk after any rainfall. The 
spora were sampled by membrane filtration of 250 ml water 
samples (Iqbal & Webster, 1973). The entire filters were 
scanned under the microscope at 100-400 x magnification. 
The following physicochemical variables were also meas-
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ured during the longitudinal study: temperature, pH, dissolved 
oxygen and conductivity using a Hydrolab™ surveyor 
Model 2 water meter. 
Statistical analyses 
Analysis of variance was used for comparisons between the 
sites or over the sampling times, for numbers of spores 
detected. When significant differences were found, means 
were compared by the Student-Newman-Keuls test. For 
comparisons of spore concentrations on each side of the debris 
dam Student t tests were used after confirmation of 
homogeneity of variances by F tests. 
RESULTS 
Variation over a 12 h period 
A significant increase in the total spore count occurred 
between the morning and afternoon (f = 10·612; df = 3, 28; 
P < O·OOl, Table 1). When the seven most abundant taxa 
were compared over the four sampling times, spores of 
Clavariopsis aquatica de Wild., sp. 20 and Tricladium chaeto-
cladium Ingold showed significant increases from morning to 
afternoon. The increases in Alatospora acuminata Ingold sensu 
lato and Lunulospora cymbiformis Miura were not significant 
(Table 1). Water temperature remained constant at 9·4 °C. 
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Changes in concentration of aquatic hyphomycete spores in 
Lees Creek, ACT, Australia 
K. THOMAS AND G. A.CHILVERS 
Department of Botany, Australian National University, PO Box 4, Canberra City, ACT 2601 
R.H. NORRIS 
Water Research Centre, University of Canberra, PO Box 1, Belconnen, ACT 2616 
Aquatic hyphomycetes in Lees Creek were sampled by membrane filtration: (i) every fourth hour over 12 h at one site; (ii) at six 
sites along the stream, the first five sites being situated within the same native riparian vegetation while the last site was located 
after the stream had passed through several kilometres of exotic riparian vegetation; (iii) immediately before and after a debris dam. 
Spore numbers increased as the day progressed, with afternoon collections being significantly higher than morning collections. Total 
spore numbers increased significantly at successive sites but decreased when the stream flowed through exotic riparian vegetation. A 
constant supply of substrata as the stream flows through the native vegetation probably enables spores to be added to the stream 
faster than they are lost, while the downstream exotic vegetation fails to supply sufficient substrata and losses of spores exceed 
spore input. No significant differences occurred between the total number of spores collected either side of the debris dam, although 
there were changes in the relative abundance of some species, indicating a differential removal and addition of spores as the stream 
passed the dam. 
The concentration and composition of aquatic hyphomycete 
spora in northern hemisphere freshwater streams and rivers 
has been shown to vary seasonally (Iqbal & Webster, 1973, 
1977) and longitudinally (Shearer & Webster, 1985; Akridge 
& Koehn, 1987), while being influenced by the composition of 
riparian vegetation (Gonczol, 1975; Wood-Eggenschwiler & 
Biirlocher, 1983 ), the amount of riparian vegetation (Shearer & 
Webster, 1985; Akridge & Koehn, 1987), and by stream 
physicochemical properties (Biirlocher & Rosset, 1981). Few 
similar studies in the southern hemisphere have been carried 
out. 
In a study on the aquatic hyphomycetes in an Australian 
stream, Lees Creek, Thomas, Chilvers & Norris (1989) 
suggested that the factors controlling the aquatic hyphomycete 
communities in the northern hemisphere were also operating 
in Lees Creek. They monitored aquatic hyphomycete spora 
for 12 months, and found that total spore concentrations and 
relative abundance of fungal species varied seasonally, and 
different significantly between two sites 8 km apart. Shearer & 
Webster (1985) have stressed the need for further studies on 
the longitudinal variation in aquatic hyphomycete com-
munities. 
The aims of this present study were to examine variation in 
spore concentrations within Lees Creek in more detail, by 
sampling on smaller time and space scales. The following 
comparisons were made. (i) At one site the fungal spora was 
sampled at four different times over 12 h, to assess short-term 
changes. (ii) Longitudinally down the stream the fungal spora 
was sampled at shorter and more frequent intervals, traversing 
a region where the structure and species composition of the 
riparian vegetation first remained constant, then changed. (iii) 
The fungal spora was also sampled before and after a debris 
dam, to see whether a large quantity of accumulated substrata 
had an effect on spore numbers. 
MATERIAL AND METHODS 
Description of study area and sites 
Lees Creek is a perennial second-order stream, located on the 
eastern side of the Brindabella ranges near the New South 
Wales and Australian Capital Territory border. It varies in 
width from 1 to 2 m and is generally 100-300 mm deep. The 
geology of the catchment has been described by Talsma & 
Hallam (1982). Six sampling sites were chosen along Lees 
Creek (Fig. 1), based on distance between sites, the nature of 
the riparian vegetation, and accessibility. 
Site 1 (the most upstream site) and site 2 were 30 m before 
and 20 m after the confluence of Lees Creek and the very 
similar Blundells Creek. Above and surrounding sites 1 and 2, 
riparian vegetation is wholly native, with the following 
composition : dominant riparian overstorey Eucalyptus vimin-
alis Labill. with some E. robertsonii Blakely; the major 
understorey shrub is Acacia melanoxylon R.Br. and the ground 
cover is of ferns and grasses. Small creeks entering Lees Creek 
between sites 3 and 4 were reduced to a trickle at the time of 
the longitudinal sampling, because of low summer flows. The 
stream bed is well shaded and contains no attached 
macrophytes or macro-algae between sites 1 and 5. Beyond 
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Abstract 
Litterfall into Lees Creek from eucalypt-dominated riparian vegetation and litterfall in adjacent 
eucalypt forest was measured monthly for 2 · 5 years. Mean annual litterfall for riparian vegetation was 
4·52 t ha- 1, of which overstorey leaf fall accounted for 44%, understorey leaf fall 12·5%, twigs 
16·75%, bark 12% and miscellaneous material 14·75%. Mean annual litterfall in adjacent forest was 
4 · 20 t ha - 1, of which overstorey leaf fall accounted for 52 · 3 % , understorey leaf fall 2 · 9%, twigs 
18%, bark 12% and miscellaneous material 14 · 8%. More than 50% of all litterfall occurred from 
December to March with leaf fall the largest component (60-70%) during this period. Minimum litter-
fall was in winter with twigs contributing up to 40% of total litterfall during this period. Timing of 
litterfall into Lees Creek and the adjacent forest is similar to litterfall in other Australian forests and 
to litterfall from sclerophyllous vegetation into streams of the south-western Cape of South Africa. 
Introduction 
Upland stream ecosystems may receive up to 99% of their energy input in terms of 
organic carbon in the form of allochthonous materials from catchments (Fisher and Likens 
1973). Thus, riparian vegetation may regulate energy flows in upland streams, and may 
influence both physical conditions and chemical composition of streams (Swanson et al. 
1982). Further, species composition of riparian vegetation and timing of litterfall will 
influence the biological response in terms of community composition and biomass (Cummins 
1986). Thomas et al. (1989) suggested that the pattern of litterfall into Lees Creek was partly 
responsible for seasonal changes in the number of aquatic hyphomycete spores detected in 
the stream. 
In contrast to the relatively well studied Australian open forests, litterfall in riparian 
vegetation has received little attention. In a study of litterfall in a river red gum swamp, 
Briggs and Maher (1983) found that leaf fall accounted for between 21 % and 29% of total 
litterfall. A similarly low leaf fall contribution (25%) to total litterfall was reported for litter 
input into an upland Victorian stream (Blackburn and Petr 1979), although in this study 
sampling was only carried out for four months over winter. 
The aim of the present study was to determine if the patterns and quantity of the fall 
of litter components from the riparian vegetation of Lees Creek were similar to those of the 
adjacent forest. This study was carried out as part of a wider investigation into litter input 
and breakdown in a perennial upland stream and the influences these processes have on an 
associated fungal community (see Thomas et al. 1989, 1992). 
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Materials and Methods 
Study Site 
K. Thomas et al. 
Lees Creek catchment is located on the eastern side of the Brindabella ranges, 45 km west of 
Canberra, in the Australian Capital Territory (National Topographic Map Series, Grid reference 
8627-670852). Mean annual precipitation ranges from 750 to 1200 mm (Talsma and Hallam 1982). 
The soils of the study area consist of permeable deep friable red earths and krasnozem soils overlying 
sedimentary deposits (Talsma and Hallam 1982). Lees Creek at the study site varies between 0 · 5 and 
2 m in width and is well shaded by the tree and shrub canopy except where tree fall has occurred. 
The vegetation canopy over Lees Creek (riparian transect site) is wholly native and is dominated by a 
Eucalyptus viminalis Labill. overstorey with some E. robertsonii Blakely present to a height of up to 
40 m. The dominant understorey species is Acacia melanoxylon R. Br. Open forest vegetation on the 
south-east-facing slope was selected for the adjacent forest transect site because its structure most 
closely resembled the riparian vegetation. Here the canopy is dominated by E. robertsonii with some 
E. viminalis also present up to a height of 35 m. Records of past fires and logging suggest that the 
stand of forest in the study area is probably 50-70 years old. 
Sampling Methods 
Litterfall was collected monthly from January 1988 to September 1990, by means of twenty 0· 5 m2 
collectors randomly placed along a line transect in each vegetation zone. Transects were 50 m apart. 
Collectors in the riparian zone were placed directly along and over the stream. Each collector consisted 
of netting sewn to form a bag, weighted with a stone to prevent inversion in strong winds, and 
suspended from a circular metal frame supported above the ground by three metal star pickets. 
Collectors were 0 · 5 to 0 · 7 5 m above either the stream or ground as appropriate. Litter collected was 
dried at 95°C for three days. After drying, it was sorted into leaves of eucalypt species, phyllodes of 
A. melanoxylon, leaves of other species, bark, twigs <8 mm diameter, and remaining material. 
Collectors were not randomly relocated at each sampling time because of logistical constraints. 
Therefore, data were assessed by multivariate repeated measures analysis of variance to test for 
differences between litterfall transects and among sampling times. Raw data were transformed by a 
log (x + 1) transformation to make the data more normally distributed, and to reduce correlations 
between mean and variance. 
Table 1. Comparisons of litterfall in the riparian and adjacent forest transects at Lees 
Creek on the eastern side of the Brindabella Ranges, Australian Capital Territory 
Component of litterfall 
Eucalyptus spp. leaves 
Acacia melanoxylon phyllodes 
Leaves of remaining species 
Bark 
Twigs < 8 mm diameter 
Remaining material 
Total 
Results 
Litterfall (t ha - 1 year - 1) 
Adjacent Riparian 
forest zone 
2· 198 l ·975 
0·002 0·452 
0· 118 0· 115 
0·510 0·556 
0·753 0·758 
0·623 0·667 
4·204 4·523 
Composition (%) 
Adjacent Riparian 
forest zone 
52·28 43·67 
0·05 9·99 
2·81 2·54 
12· 13 12·29 
17·91 16·76 
14·82 14·75 
100·00 100·00 
The total amount of litterfall was not significantly different between riparian and 
adjacent forest sites for the whole sampling period (P > 0 ·05, Table 1). Litterfall in riparian 
vegetation was significantly higher (P < 0 · 05) than in adjacent forest during March, June 
and July 1988 (Figs la and 2a); differences between riparian and adjacent forest transects 
for these months contributed to a significant (P < 0 · 05) site-by-time interaction. There was 
a significant (P<O·OOl) sixfold difference in the amount of litterfall recorded in both 
transects from winter/spring minimum to summer/autumn maximum (Figs la and 2a). 
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Acacia melanoxylon phyllode fall was significantly higher (P < 0 · 001) in riparian transect 
than in the adjacent forest (Table 1). Differences between riparian and forest transects for 
other components of litterfall (Table 1) were not significant (P> 0·05). 
In the riparian vegetation, twigs or Acacia melanoxylon phyllodes contributed the greatest 
mass from July to September, while twigs or miscellaneous materials were the largest 
components of litterfall in the adjacent forest (Figs lb, c and 2b, c). Acacia melanoxylon 
phyllodes fell when still green and eucalypt leaves when they were red to brown. Eucalypt 
leaves were the dominant component of both riparian and forest transect litterfall from 
October to June (Figs lb, c and 2b, c). During winter approximately half the eucalypt leaves 
that fell were still green and were often attached to small branches possibly discarded by 
birds or aboreal mammals or broken by winter storms. 
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Fig. 1. Litterfall from riparian vegetation into Lees Creek on the eastern side of the Brindabella 
Range, Australian Capital Territory: (a) mean monthly totals, with 95% confidence limits; 
(b) percentage contributions of nonleaf fractions to total litterfall; (c) percentage contributions 
of leaf fractions to total litterfall. 
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Fig. 2. Litterfall in the forest adjacent to Lees Creek on the eastern side of the Brindabella 
Range, Australian Capital Territory: (a) mean monthly totals, with 95% confidence limits; 
(b) percentage contributions of nonleaf fractions to total litterfall; (c) percentage contributions 
of leaf fractions to total litterfall. 
Discussion 
The total annual average litterfall recorded in both riparian and adjacent forests is within 
the range of values published for other Australian forests, e.g. McColl (1966) and Park 
(1975). Timing of litterfall (maximum from late spring to early autumn) is similar to that 
reported in other studies, e.g. Hutson (1985) and Lamb (1985), and similar to the timing of 
litterfall from sclerophyllous vegetation into streams of the south-western Cape of South 
Africa (King et al. 1987; Stewart and Davies 1990). The percentage contribution of leafy 
material to total litterfall at both sites appears typical of temperate eucalypt forests, but 
is higher than that recorded by Blackburn and Petr (1979) and Briggs and Maher (1983). 
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The contribution to total litterfall from the understorey vegetation is higher in the riparian 
zone than in the adjacent forest (Table 1) but is similar on a percentage basis to that 
recorded by Ashton (1975), Blackburn and Petr (1979) and O'Connell and Menage (1982). 
Emphasis on seasonal changes in total litterfall alone obscures seasonal changes in the 
proportional contribution of individual components (Figs lb, c and 2b, c). Thus, eucalypt 
leaves contribute least to litterfall when total litterfall is lowest (Figs la, c and 2a, c). During 
early spring, understorey leaf/phyllode fall of riparian vegetation exceeded overstorey leaf 
fall (Fig. le). The seasonally variable litter derived from riparian vegetation supports both 
microbial and invertebrate populations within streams (Cummins 1986). Macroinvertebrate 
assemblages occurring within streams and feeding on litter can be split into functional 
groupings depending upon their food sources and method of assimilation (Cummins and 
Klug 1979), and similarly some aquatic hyphomycete species have distinct substrate 
preferences (Gonczol 1975; Bengtsson 1983; Thomas et al. 1992). Thus it is likely that 
community composition of organisms occurring within streams and relying selectively on 
inputs of detrital material may be influenced as much by seasonal changes in relative 
proportions of litter as by seasonality of total litterfall. 
Similarity in the quantity of litterfall from both riparian and adjacent forest vegetation 
indicates similar overall productivity and environmental stress for each vegetation zone. 
There has been a tendency to quote litterfall patterns obtained from eucalypt forests in 
general as being representative of litterfall in riparian vegetation, e.g. Lake (1982). Although 
a similar timing of accession of the components of litterfall was found to occur between 
riparian and adjacent forest vegetation in the present study, there were substantial differences 
between the riparian and adjacent forest in the proportional contribution of the leaf/ 
phyllode components of total litterfall, particularly from the understorey. 
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Abstract 
Aquatic hyphomycetes occurring in an Australian upland stream (Lees Creek) were sampled from 
naturally submerged substrates derived from the riparian vegetation. Substrates sampled were bark and 
phyllodes of Acacia melanoxylon; bark, leaves and twigs of Eucalyptus viminalis; leaves of Pomaderris 
aspera; fronds of a fem, Blechnum nudum; and leaves of a sedge, Cyperus sp. A total of 47 species 
of hyphomycetes was detected overall, with maximum subsets of 34 species being recorded from eucalypt 
twigs and sedge leaves and the minimum number of 28 species being recorded from eucalypt leaves. 
The fungi showed significant substrate preferences, although no species was confined to a single 
substrate. Possible reasons for substrate preferences are advanced. The patterns of occurrence of the 
various fungal species were sufficiently distinct that most substrates could be predicted with a high 
degree of success from a knowledge of the fungal flora sampled from them. Patterns of occurrence 
varied with season, probably influenced by changing substrate availability and water temperature. 
Introduction 
Australian streams may receive a wide range of organic material in the form of leaves, 
twigs, bark and reproductive components derived from litterfall from the riparian vegetation. 
Also, senescing in situ and hence more difficult to quantify are ferns, sedges and grasses 
lining streams. These diverse substrates are all likely to be food resources for aquatic 
hyphomycetes. The continuous, if seasonal, litterfall in Australian eucalypt forests (Pressland 
1982; Lamb 1985) allows for continuous monitoring of the aquatic hyphomycete communities 
on decaying litter and provides an opportunity to test the proposition that these fungi exhibit 
substrate specificity. 
Evidence for substrate specificity among aquatic hyphomycetes has been presented by 
Gonczol (1975, 1989), Sridhar and Kaveriappa (1988) and, to a lesser extent, Chamier and 
Dixon (1982), and Bengtsson (1983) has demonstrated habitat (substrate) selection in two 
species of aquatic hyphomycetes. However, in a New Zealand study, Aimer and Segedin 
(1985) claimed to have found no evidence of substrate specificity, and Gonczol (1987) 
suggested that some of the specificity detected in his 1975 study had perhaps been more 
closely related to changes in stream-water chemistry than to leaf type. The fungal com-
munities of most substrates studied have been found to be dominated by 5 to 10 abundant 
to moderately common species of aquatic hyphomycetes, although not all substrates are 
dominated by the same species (Iqbal et al. 1979; Sanders and Anderson 1979; Chamier and 
Dixon 1982; Chamier et al. 1984). Chamier and Dixon (1982) and Sridhar and Kaveriappa 
(1988) suggested that substrate preferences may be more common among aquatic hypho-
mycetes than substrate specificity. 
0067-1940/92/020491$05.00 
492 K. Thomas et al. 
The aims of the present study were (i) to determine whether any of the aquatic hypho-
mycetes found in Lees Creek are substrate-specific or whether they occur more generally on 
a wide range of substrates, and (ii) to determine whether distinct seasonal patterns of 
occurrence of aquatic hyphomycetes are evident and whether these differ between substrates 
over the year. 
Materials and Methods 
Study Area 
Lees Creek is situated on the eastern side of the Brindabella Range in the Australian Capital 
Territory. The altitude of the catchment area for Lees Creek varies from 600 to 1400 m, and it has a 
mean annual precipitation of 750-1200 mm (Talsma and Hallam 1982). Above the sampling site, 
the catchment retains a cover of native eucalypt forest ranging from alpine woodland at high altitudes 
through wet sclerophyll forest to dry sclerophyll forest at lower altitudes. Lees Creek has a dominant 
overstorey of Eucalyptus viminalis Labill. and a dominant understorey of Acacia melanoxylon R. Br. 
The leaves of E. viminalis and the phyllodes of A. melanoxylon have been found by O'Keefe and 
Lake (1987) to fit respectively into the 'fast' and 'medium to slow' categories of decomposition defined 
by Cummins (1974). The stream varies from 1 to 2 m wide, and it is generally 150-300 mm deep. 
The geology of the Lees Creek catchment is described in Talsma and Hallam (1982). The sampling site 
was the same as for Site 1 in Thomas et al. (1991). 
Fungal Sampling 
The aquatic hyphomycete community of Lees Creek was assessed in two separate field studies, each 
of which had a different approach. In the first study, at intervals of approximately 2-3 weeks from 
February 1988 to May 1989, leaves of E. viminalis and phyllodes of A. melanoxylon were collected 
from naturally occurring leaf packs along a 100-m section of stream. Leaves and phyllodes that 
appeared to be freshly fallen and hence unlikely to be colonized by aquatic hyphomycetes, and leaves 
in a blackened condition and likely to have been subject to anaerobic conditions, were discarded. 
The remainder were transferred to polythene bags. Upon return to the laboratory, the leaves and 
phyllodes were rinsed in several changes of distilled water and allowed to surface-dry. One disk (6 mm 
in diameter) was cut from each phyllode or leaf, to a total of 20 disks for each substrate. The disks 
were incubated individually in the wells of tissue culture plates under 5 mm of distilled water at 10°C 
for 3 days. Disks were then transferred to individual vials containing lactophenol cotton blue and heated 
to 60°C for 24 h to clear and stain. After cooling, both sides of each disk were examined under a 
microscope at magnifications of x 100 and x 400. The eucalypt leaves and Acacia phyllodes examined 
in this study were 1-2 mm thick and contained dark-coloured pigments, as is usual for sclerophyllous 
Australian vegetation. Consequently, conidia occurring on the leaf surfaces were often difficult to see, 
particularly in the case of species with small conidia. In such cases, the way in which the conidia were 
produced often could not be ascertained. Species were accordingly recorded from detached conidia as 
well as from conidia attached to conidiophores. The frequency of occurrence of a species was defined 
as the proportion of leaf disks colonized by aquatic hyphomycetes on which that particular fungus 
was detected. 
Water temperature, conductivity and pH were measured with a multielectrode probe on each 
sampling occasion. 
In the second study, at weekly or fortnightly intervals from December 1989 to April 1990 (summer/ 
autumn samples) and from July to November 1990 (winter/spring samples), aquatic hyphomycetes 
occurring on the following substrates were assessed by means of an aerated incubation technique. 
Leaves, twigs and bark of E. viminalis, phyllodes and bark of A. melanoxylon, leaves of Pomaderris 
aspera Sieb. ex DC., fronds of the fern Blechnum nudum (Labill.) Mett. ex Luerss, and leaves of the 
sedge Cyperus sp. were collected from the same 100-m section of stream as before. Upon return to the 
laboratory, the material was washed in several changes of tap water to remove alien material and loose 
spores. Then, samples of each separate substrate, judged to have approximately equal surface areas, 
were placed into glass jars and forcibly washed again under jets of tap water to remove further loose 
spores. Each jar was then filled with 500 mL of water and placed in an incubator at 10°C. These were 
aerated by pumping air through porous aquarium blocks, using a 10-min on/off cycle and a manifold 
with equal lengths of tubing to equalize airflow through each jar. After 2 days of incubation, 100-
150 mL of water were sampled from each jar and the membrane filtration technique (Iqbal and Webster 
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1973) was used to concentrate the spores. Where moderate numbers of spores were collected, the entire 
filter was examined at magnifications of x 100 and x 400 and the spores identified and counted. 
Where large numbers of spores were collected, the filter was subsampled by means of a pattern of 
points on a grid. In the latter case, the entire filter was subsequently scanned to detect and record the 
presence of infrequent species. Species abundance on each substrate at each sampling time was assessed 
by two alternative approaches: firstly by scoring species as present or absent, and secondly by deter-
mining the proportional contribution each species made to the total spore count. 
Table 1. Fungal colonization of Acacia melanoxylon phyllodes and Eucalyptus viminalis leaves 
removed from Lees Creek over 15 months 
Date 
11.iii.88 
29.iii.88 
15.iv.88 
29.iv.88 
13.v.88 
30.v.88 
14.vi.88 
30.vi.88 
14.vii.88 
29.vii.88 
12.viii.88 
26.viii.88 
15.ix.88 
30.ix.88 
14.x.88 
28.x.88 
14.xi.88 
l.xii.88 
16.xii.88 
2.i.89 
15.i.89 
30.i.89 
15.ii.89 
l.iii.89 
15.iii.89 
31.iii.89 
28.iv.89 
15.v.89 
Overall 
Results 
A. melanoxylon 
Fungal species per disk No. disks 
Range Mean s.e. n colonized 
0-4 l ·40 
0-5 0·85 
0-3 1·20 
0-8 3·30 
0-10 4·35 
0-8 1 ·60 
0-8 3·15 
0-6 l ·90 
0-5 1·00 
0-6 0·70 
0-6 0·95 
0-5 1·05 
0-6 l ·30 
0-6 l ·90 
0-7 2·45 
0-9 3·10 
0-7 2·25 
0-8 2·75 
0-6 2·30 
0-6 2·45 
0-8 1·85 
0-8 2·40 
0-10 3. 85 
0-7 3·80 
0-8 4·85 
0-7 2·30 
0-6 l ·40 
0-9 2·35 
0·32 20 
0·33 20 
0·25 20 
0·52 20 
0·60 20 
0·56 20 
0·64 20 
0·44 20 
0·34 20 
0·33 20 
0·43 20 
0·39 20 
0·40 20 
0·43 20 
0·55 20 
0·52 20 
0·41 20 
0·45 20 
0·36 20 
0·49 20 
0·47 20 
0·45 20 
0·66 20 
0·59 20 
0·56 20 
0·42 20 
0·43 20 
0·56 20 
2·24 0·10 560 
12 
7 
13 
18 
19 
9 
14 
14 
9 
7 
6 
7 
9 
13 
12 
18 
16 
19 
17 
14 
15 
17 
19 
17 
18 
17 
10 
14 
380 
E. viminalis 
Fungal species per disk No. disks 
Range Mean s.e. n colonized 
0-7 
0-4 
0-7 
2-9 
0-5 
0-9 
0-9 
0-9 
0-11 
0-11 
0-8 
0-7 
0-5 
0-6 
0-8 
0-6 
0-5 
0-7 
0-7 
0-9 
1-7 
0-7 
0-6 
0-5 
0-6 
0-6 
0-4 
0-5 
1·20 
l ·20 
3·00 
5·55 
2·55 
3·95 
l · 85 
2·45 
1·80 
2·25 
3·35 
2·55 
l · 55 
2·30 
2·40 
2· 10 
2·00 
2·75 
1 ·90 
3·80 
3·70 
2·90 
1·80 
l ·95 
l ·60 
2·90 
l ·70 
l ·90 
0·43 20 
0·30 20 
0·45 20 
0·39 20 
0·33 20 
0·60 20 
0·54 20 
0·54 20 
0·61 20 
0·62 20 
0·53 20 
0·45 20 
0·37 20 
0·36 20 
0·50 20 
0·46 20 
0·36 20 
0·52 20 
0·42 20 
0·57 20 
0·33 20 
0·48 20 
0·51 20 
0·36 20 
0·45 20 
0·42 20 
0·28 20 
0·39 20 
2·46 0·09 560 
9 
11 
16 
20 
18 
18 
12 
16 
12 
14 
19 
16 
14 
17 
17 
14 
15 
15 
15 
18 
20 
17 
10 
15 
11 
17 
16 
14 
426 
Static Incubation of Disks from A. melanoxylon and E. viminalis 
Of the 560 leaf disks sampled from each species, 380 from A. melanoxylon and 426 from 
E. viminalis were colonized by sporulating aquatic hyphomycetes (Table 1). Apart from a 
short period from July to September, when only a low number of disks of A. melanoxylon 
was colonized, there were no seasonal trends in colonization. During the study, the number 
of species on each disk ranged from 0 to 10 for A. melanoxylon and from O to 11 
for E. viminalis. The mean number of species per disk ranged from 0·7 to 4·85 for 
A. melanoxylon and from 1·2 to 5 · 55 for E. viminalis (Table 1), with overall means for 
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all samples combined being 2·24 and 2·46, respectively. When adjusted to take only 
colonized disks into account, the mean number of species per disk of all of the samples 
becomes 3 · 30 for A. melanoxylon and 3 · 23 for E. viminalis. 
The percentage occurrence of the 10 most frequent aquatic hyphomycete species, based 
on disks colonized during the entire period of the study (Table 2), shows that the most 
frequent species on A. melanoxylon were A. acuminata and T. chaetocladium, which 
occurred on 53·7 and 49·3% of colonized disks, respectively. On E. viminalis, T. elegans 
and T. chaetocladium were the most frequent, occurring on 71 · 9 and 50 · 9% of colonized 
disks, respectively (Table 2). Of the 10 hyphomycete species, seven showed significant 
(x2 ; d.f. = 1, P < 0 · 05) preferences for either A. melanoxylon or E. viminalis. Thus, 
A. acuminata, Cl. aquatica and Flagellospora sp. 33 occurred significantly more frequently 
on A. melanoxylon, whereas A. crassa, Cu. aquatica, L. curvula and T. elegans occurred 
significantly more frequently on E. viminalis (Table 2). 
Table 2. Percentage of times that the 10 most common aquatic hyphomycete 
species were recorded on static incubated disks from Acacia melanoxylon phyllodes 
and Eucalyptus viminalis leaves over the period of sampling 
x2 based on raw counts, significant difference (*) declared at P<0·05 
Fungal species Occurrence (%) x2 
A. melanoxylon E. viminalis 
Alatospora acuminata 53·7 13·3 128·6* 
Anguillospora crassa 2·7 9·4 15·9* 
Clavariopsis aquatica 32·5 16·4 29· 1* 
Culicidospora aquatica 5·5 14 · l 10·8* 
Flagellospora penicillioides 10·2 15·0 2·9 
Flagellospora sp. 33 33·1 12·2 37·7* 
Lunulospora curvula 6·4 20·9 16·6* 
Lunulospora cymbiformis 39·9 46·0 l ·6 
Tetrachaetum elegans 25·1 71 ·9 56·9* 
Tricladium chaetocladium 49·3 50·9 0·0 
Three seasonal patterns of occurrence were evident among the 10 most frequently 
occurring species (Fig. 1). The first pattern, in which species had a higher frequency of 
occurrence over summer and autumn, was represented by F. penicillioides, L. curvula and 
L. cymbiformis (Figs la- le). The second pattern, in which fungi were more common 
from spring to early summer and were often absent during later summer and autumn, 
was represented by Cl. aquatica and A. acuminata on E. viminalis leaves (Figs ld and le). 
The third pattern, in which there was an absence of seasonal changes in occurrence, was 
represented by Flagellospora sp. 33, T. chaetocladium and T. elegans (Figs lj, lh and lj). 
The last of these, T. elegans, occurred on phyllodes of A. melanoxylon as three distinct 
peaks throughout the study. For the remaining fungi, A. crassa and Cu. aquatica, any 
seasonal pattern that might have existed was obscured by their low frequency of occurrence 
(Figs lg and li). 
Water Conductivity, pH and Temperature 
The conductivity of Lees Creek was low throughout the study, ranging from 21 to 
39 µ,S cm -I (Fig. 2a), and the pH varied from slightly above neutral (7 · 15) to mildly acidic 
(6 · 2) (Fig. 2b). Neither the conductivity nor the pH showed any seasonal trend. The water 
temperature peaked at 13 · 2°C during summer and autumn and fell to a minimum of 6 · 4°C 
in winter (Fig. 2c). 
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Aerated Incubation of Eight Different Substrates 
The eight different substrate types incubated in aerated water were each sampled on 
17 occasions: nine times during summer to early autumn (except for acacia bark, which was 
examined eight times), and on eight occasions during midwinter to late spring. From these 
eight substrates, a total of 47 hyphomycete species were detected. Of these fungi, 28 equated 
with described species and another five could be identified to genus (Table 3). The spores 
of species that could not be allocated to a described taxon, and of species for which 
identification is in some doubt, were drawn with the aid of a camera lucida and are 
illustrated in Fig. 3. 
Species of aquatic hyphomycetes were scored as present 1945 times during the examination 
of 135 membrane-filter samples (Table 4). The most frequently detected species were 
A. acuminata, T. chaetocladium, L. cymbiformis, T. elegans, Flagellospora sp. 33, unknown 
sp. 50, Cl. aquatica, F. penicillioides and Flagellospora sp. 41 (Table 4). When summed, the 
frequency of occurrence of these nine species accounted for more than 52% of all presence 
scores. Of the 47 species detected, one-third accounted for less than 5% of the total scores. 
The least frequent species were A. longissima, T. terrestre, A. pulchella, unknown sp. 51 
and unknown sp. 68 (Table 4). Over the total period of sampling, twigs and fern fronds 
provided the largest and the smallest number of species presence scores, respectively. The 
number of species recorded from each substrate ranged from a minimum of 28 species on 
the leaves of E. viminalis to 34 species each on sedge leaves and eucalypt twigs (Table 4). 
More than 90% of all spores detected on the leaves of E. viminalis and P. aspera, 
Acacia phyllodes and Eucalyptus bark, and 50% of all spores detected on Acacia bark and 
Eucalyptus twigs (Fig. 4), came from the seven most frequently detected species (Table 4). 
In the summer/autumn period, L. cymbiformis was the predominant spore producer on 
leaves of E. viminalis and P. aspera, phyllodes of A. melanoxylon and bark and twigs 
of E. viminalis, whereas spores of A. acuminata predominated on the three remaining 
substrates (Fig. 4). During the winter/spring period, L. cymbiformis remained the most 
abundant species (on the basis of numbers of spores produced) only on leaves of E. 
viminalis, and A. acuminata became the most abundant on all other substrates except 
phyllodes of A. melanoxylon, where T. chaetocladium predominated (Fig. 4). T. chaeto-
cladium also became common on leaves of E. viminalis during winter and spring and on 
sedge leaves and Acacia phyllodes over summer and autumn. The remaining four commonly 
occurring species appeared to be important, in terms of spore production, on the following 
substrates: Cl. aquatica on sedge leaves and Acacia phyllodes, particularly in winter/spring; 
F. penicillioides on Eucalyptus twigs and A. melanoxylon phyllodes in summer/autumn; 
T. elegans on leaves of P. aspera and E. viminalis; and unknown sp. 50 on the bark of 
E. viminalis (Fig. 4). 
Overall, 28 species contributed to 5% or more of spores counted on each substrate at any 
one sampling event. In relation to these species only, fern fronds and leaves of E. viminalis 
had the least number of major species (on the basis of frequency of occurrence), whereas 
twigs of E. viminalis and bark of A. melanoxylon had the greatest variety of major species 
(Table 4). Seasonal differences in the relative importance of fungal species among substrates 
also became more evident. For example, L. cymbif ormis was a minor component of the 
fungal community on fern fronds and sedge leaves over winter and spring, but it contributed 
5% or more of all spores collected six to eight sampling times from these substrates in 
summer and autumn. A similar summer/autumn predominance was apparent for T. chaeto-
cladium on Acacia bark and sedge leaves, F. penicillioides on Acacia and sedge leaves, 
and unknown sp. 20 on bark of E. viminalis (Table 4). Other species were clearly more 
prominent over winter and spring: e.g. Cl. aquatica on Acacia phyllodes; A. acuminata on 
all substrates except fern fronds, sedge leaves and eucalypt twigs; Cu. aquatica on eucalypt 
twigs; and Flagellospora sp. 41 on fern fronds (Table 4). 
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Fig. 1. Percentage occurrence of aquatic hyphomycetes on colonized disks of E. viminalis and A. 
melanoxylon from Lees Creek: (a) Flagellospora penicillioides, (b) Lunulospora curvula, (c) Lunulospora 
cymbiformis, (d) Clavariopsis aquatica, (e) Alatospora acuminata, (/) Flagellospora sp. 33, (g) 
Anguillospora crassa, (h) Tricladium chaetocladium, (i) Culicidiospora aquatica, (j) Tetrachaetum 
elegans. 
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Fig. 2. Seasonal variation in the (a) conductivity, (b) pH and (c) temperature at 
Lees Creek. 
The patterns of occurrence of fungal species on the different substrates were sufficiently 
different to allow substrates to be recognized from their associated fungi. Two different 
analytical techniques were used to test this. The first was discriminant-function analysis 
(Anon. 1987; DISCRIM procedure, NPAR method with the k-nearest-neighbour rule, which 
does not require the distribution to be multivariate-normal). A log (x + 1) transformation 
of spore counts for those species whose spores contributed more than 5% to the total spore 
count on any substrate at any sampling time was used to predict the substrates from which 
these species came. Overall, 87% of the substrates were correctly classified when samples 
from all seasons were used, and 87 · 5 and 90 · 6% of substrates were correctly recognized for 
summer/autumn and winter/spring, respectively (Table 5). Classification to correct substrates 
was most successful for fern fronds and Acacia phyllodes (100% summer/autumn and 
winter/spring) and least successful for Cyperus leaves (55 ·6% for summer/autumn and 
75% in winter/spring) (Table 5). 
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Table 3. Aquatic hyphomycetes identified to specific or generic level 
Alatospora acuminata sensu lato 
Alatospora pulchella Marvanova 
Anguillospora crassa Ingold 
Anguillospora filiformis Greathead 
Anguillospora furtiva ? sp. 67 Descals ined. 
Anguillospora longissima Ingold 
Articulospora tetracladia Ingold 
Campylospora chaetocladia Ranzoni 
Clavariopsis aquatica de Wildeman 
Clavatospora longibrachiata (Ingold) Nilsson 
ex Marvanova & Descals 
Culicidiospora aquatica Petersen 
Cylindrocarpon aquaticum (Nilsson) Marvanova 
& Descals 
Dimorphospora foliicola Tubaki 
Flagelospora penicil/ioides Ingold 
Flagellospora sp. 33 
Flagellospora sp. 41 
Fusarium spp. 
Heliscina campanulata Marvanova 
Heliscus lugdunensis Sacc & Therry 
Lemonniera aquatica de Wildeman 
Lunulospora curvula Ingold 
Lunulospora cymbiformis Miura 
Mycocentrospora ? sp. 49 
Naiadella fluitans ? sp. 61 Marvanova & 
Bandoni 
Tetrachaetum elegans de Wildeman 
Tetracladium setigerum (Grove) Ingold 
Tetracladium ? sp. 55 
Tricladium chaetocladium Ingold 
Tricladium giganteum Iqbal 
Tricladium splendens Ingold 
Tricladium terrestre Park 
Tripospermum myrti (Lind.) Hughes 
Triscelophorus acuminatus Nawawi 
The second analytical technique used was a hierarchical agglomerative cluster analysis. 
Summer/autumn and winter/spring data were dealt with separately. For the summer/autumn 
cluster 71 samples by 47 species were used, whereas in the winter/spring period 64 samples 
by 47 species were used. In each case, a log(x + 1) transformation of spore counts was 
performed to reduce the influence of high counts. The Bray and Curtis measure of similarity 
was selected as being one that has been shown to provide an optimal estimate of 'ecological 
distance' (Faith et al. 1987). Because the species that were considered to be rare also had 
low counts, use of the Bray and Curtis measure also reduced the contribution that rare 
species made to the classification. Clustering was achieved by using the flexible UPGMA 
procedure of PA TN (Bel bin 1988) with a beta value of - 0 · 1. Three major clusters were 
evident in the samples from each of the summer/autumn and winter/spring periods, based 
on the structure of the fungal community present (Fig. 5). In summer and autumn, the first 
cluster consisted of one subgroup (A) containing species associated with all samples of 
Acacia bark and two samples of eucalypt twigs. The second cluster consisted of subgroups 
B-G and contained groups of species mainly associated with Acacia phyllodes, eucalypt 
bark and twigs, and fern fronds, with each species group being mostly in a subgroup of 
its own. Although the fungi associated with sedge leaves were all in this cluster, they were 
more scattered. The third cluster consisted of subgroups H-K and primarily contained 
species associated with leaves of E. viminalis and P. aspera (Fig. 5). In winter and spring, 
the first cluster consisted of subgroups L-0 and contained species associated with all but 
one sample each of Acacia bark and eucalypt twigs. The second cluster consisted of sub-
groups P-T and predominantly contained species associated with fern fronds, sedge leaves 
and eucalypt bark. The final cluster consisted of subgroups U-W and contained species 
found on Acacia, eucalypt and Pomaderris leaves (Fig. 5). 
Discussion 
Substrate Preferences 
In assessing data for evidence of substrate specificity, the first decision that must be made 
is whether a species is common enough to have had suitable opportunities to occur on more 
than one substrate. Such a decision is inevitably subjective. The data in Table 4 contain nine 
species that were recorded as present on single substrates on fewer than four occasions. 
Vl g 
Table 4. Fungal species on different substrates, showing the number of times each species was recorded as present in separate samples (T, maximum= 17) 
and the number of times it was present as So/o or more of all spores counted during summer/autumn (sa, maximum=9) and winter/spring (ws, maximum=8) 
Fungal Substrates 
Species 
Acacia Acacia Eucalypt Eucalypt Fern. Sedge Pomaderris Eucalypt All 
bark phyllodes bark leaves fronds leaves leaves twigs substrates 
T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws T sa/ws 
A. pulchella 0 - 0 - 0 - 1 - 0 - 0 - 0 - 0 - 1 (0/0) 
A. acuminata 16 (5/8) 17 (4/8) 17 (5/8) 15 (0/4) 17 (9/8) 17 (9/8) 17 (2/8) 16 (8/7) 132 (42/59) 
A. crassa 12 (1/2) 7 - 11 - 8 - 8 - 12 - 6 - 9 - 73 (1/2) 
A. filiformis 0 - 1 - 1 - 1 - 0 - 2 - 0 - 0 - 5 (0/0) 
A. furtiva ? 0 - 0 - 0 - 0 - 0 - 2 (0/1) 0 - 0 - 2 (0/1) 
A. longissima 1 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 1 (0/0) 
A. tetracladia 5 - 1 - 8 - 9 - 10 - 7 - 13 - 9 - 62 (0/0) 
c. chaetocladia 2 - 0 - 0 - 0 - 1 - 0 - 0 - 2 (1/0) 5 (1/0) 
Cl. aquatica 10 - 17 (0/5) 14 (0/1) 10 - 14 - 17 (8/6) 15 (0/2) 15 (1/2) 102 (9/16) 
c. longibrachiata 10 
-
9 - 13 - 5 - 3 - 4 - 17 (0/2) 8 - 69 (0/2) 
Cu. aquatica 9 
-
16 
-
15 - 11 - 6 - 8 - 8 - 16 (0/4) 79 (0/4) 
c. aquaticum 1 
-
9 - 1 - 5 - 1 - 3 - 1 - 2 - 23 (0/0) 
D. foliicola 0 - 1 - 1 - 2 (0/1) 0 - 0 - 0 - 6 (0/3) 10 (0/4) 
F. penicillioides 12 (3/2) 17 (3/0) 13 - 13 - 9 (1/0) 12 (3/0) 11 (0/1) 14 (6/4) 91 (19/7) ~ 
Flagellospora sp.33 9 - 14 (1/0) 15 (1/1) 12 (0/2) 12 - 14 - 15 (0/1) 13 - 104 (2/4) ..., P" 
Flagellospora sp.41 10 10 16 (1/0) 11 12 (0/4) 9 11 (0/1) 13 (2/0) 92 (3/5) 0 - - - - s 
Fusarium spp. 13 (3/1) 1 - 0 - 1 - 3 - 1 - 3 - 12 (1/2) 34 (4/3) ~ 
H. lugdunensis 7 (1/0) 1 - 1 - 0 - 0 - 0 - 3 - 9 - 21 (1/0) ~ 
H. campanulata 4 - 0 - 3 - 0 - 0 - 0 - 0 - 3 - 10 (0/0) ~ 
L. aquatica 
L. curvula 
L. cymbiformis 
Mycocentrospora ? sp.49 
N. fluitans ? 
T. elegans 
T. setigerium 
Tetracladium ? sp.55 
T. chaetocladium 
T. giganteum 
T. splendens 
T. terrestre 
T. myrti 
T. acuminatus 
unknown sp.8 
unknown sp.18 
unknown sp.20 
unknown sp.25 
unknown sp.26 
unknown sp.32 
unknown sp.38 
unknown sp.40 
unknown sp.45 
unknown sp.47 
unknown sp.50 
unknown sp.51 
unknown sp.60 
unknown sp.68 
No. Species 
1 - 0 
4 - 12 
15 (6/2) 17 
0 - 0 
2 - 0 
9 - 17 
0 - 0 
0 - 0 
15 (5/1) 17 
0 - 0 
4 - 0 
1 - 0 
0 - 0 
0 - 1 
1 - 14 
11 - 3 
10 - 1 
4 - 0 
11 (1/1) 3 
12 (1/1) 1 
1 - 6 
13 (1/1) 2 
0 - 4 
14 (6/3) 5 
10 (0/1) 17 
0 - 0 
6 - 0 
0 - 0 
0 
9 
(9/6) 16 (6/5) 
2 
0 
11 
0 
0 
(8/8) 17 (6/4) 
0 
5 
0 
0 
3 
(1/2) 2 
9 ( 1/0) 
16 (5/0) 
2 
6 
2 
1 
1 
0 
6 
(2/0) 17 (5/4) 
0 
0 
0 
2 
16 
17 
0 
0 
17 
0 
0 
17 
0 
3 
0 
0 
0 
2 
4 
2 
0 
1 
0 
8 
1 
0 
5 
9 
0 
0 
0 
(9/8) 
(4/4) 
(3/6) 
(0/1) 
12 (1/0) 
3 
14 (6/0) 
0 
6 
14 
2 
0 
16 
0 
0 
0 
1 
1 
2 
4 
8 
0 
2 
2 
0 
3 
0 
4 
11 (1/0) 
0 
0 
0 
8 
11 
17 
0 
0 
14 
0 
3 
17 
6 
10 
0 
1 
1 
1 
1 
13 
4 
4 
1 
4 
5 
0 
1 
14 
0 
1 
0 
(8/1) 
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At presence scores of more than four, only unknown sp. 45 was found on a single substrate 
(Acacia phyllodes). T. giganteum was recorded six times on sedge leaves and once on 
leaves of P. aspera. More common species were all found on two or more substrates. It is 
concluded that there was no evidence for absolute substrate specificity. This is expected 
because many of the species of aquatic hyphomycetes found in Lees Creek (Table 3) have 
previously been found in streams flowing through Northern Hemisphere deciduous forests 
(Webster and Descals 1981), which have entirely different tree genera and differing environ-
mental conditions of litterfall. 
Fig. 3. Spores of incompletely identified species. Spore numbers correspond to species 
numbers in the text and tables. Scale bars: A, 25 1-tm (applies to spores 8, 20, 25, 26, 
32, 33, 38, 41, 45, 47, 50, 51, 55, 61, 68); B, 50 1-tm (spores 18, 49); C, 50 1-tm (spores 
40, 60, 67). 
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Fig. 4. Mean proportional occurrence of dominant species of aquatic hyphomycetes on eight 
different substrata: (a) combined data from two sampling periods, (b) data for the period from 
December 1989 to April 1990, (c) data for the period from July to November 1990. Substrates: 
0, Pomaderris asperas leaves; EL, Eucalyptus viminalis leaves; AL, Acacia melanoxylon 
phyllodes; EB, E. viminalis bark; AB, A. melanoxylon bark; T, E. viminalis twigs; F, Blechnum 
nudum fronds; S, Cyperus sp. leaves. 
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Table 5. Percentage of substrate samples correctly recognized by discriminant analysis 
on the basis of patterns of aquatic hyphomycete species present 
Substrate 
Acacia melanoxylon bark 
Acacia melanoxylon phyllodes 
Blechnum nudum fronds 
Cyperus sp. leaves 
Eucalyptus viminalis bark 
Eucalyptus viminalis leaves 
Eucalyptus viminalis twigs 
Pomaderris aspera leaves 
Overall mean 
Summer/Autumn 
1.0 
0.8 
~ 
~ 
.E 0.6 
·u; 
(/) 
i5 
Percentage of samples correctly classified 
as to substrate 
Total Summer I autumn Winter I spring 
93·75 100·00 87·5 
100·00 100·00 100·00 
100·00 100·00 100·00 
70·59 55·69 75·0 
88·24 88·89 100·00 
88·24 88·89 87·5 
64·71 77·78 87·5 
94· 12 88·89 87·5 
87·45 87·50 90·63 
Winter/Spring 
0.4 rn 
A. melanoxylon bark 7 
E. vimlnalls twigs 2 
B. nudum fronds 
Cyperus sp. leaves 
E. Vlmlnalls bark 
E. vlmlnalls leaves 
A. melanoxy/on phyllodes 
P. aspera leaves 
3 4 
6 
A B C D E 
Substrates 
8 
. 
4 
G H 
3 2 1 
1 1 5 1 
2 6 
2 2 5 1 
5 6 
2 1 
2 4 2 
I J K M N 0 p Q R s T u v w 
Subgroups and membership 
Fig. 5. Dendrograms showing agglomerative classification of individual substrate samples in terms 
of the fungi associated with them. Sources of samples in the final groups are identified underneath. 
In the static incubation procedure, significant differences between the numbers of times 
that seven of the 10 most common fungal species were detected on Acacia phyllodes and 
E. viminalis leaves (Table 2) are convincing evidence that substrate preference occurs among 
aquatic hyphomycetes. Further evidence of substrate preference comes from the aeration 
procedure, where unknown sp. 8 was recorded 14 times on phyllodes of A. melanoxylon, 
five times on ecualypt twigs, and only one or two times on the remaining substrates. 
Similarly, other species (e.g. unknown spp. 26, 40 and 47) were found to be abundant 
on some substrates and yet almost absent from others (Table 4). Strong evidence for the 
existence of substrate preferences was the degree of success with which it was possible to 
predict a substrate from the pattern of fungi occurring on it (Table 5; Fig. 5). 
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Possible reasons for substrate preference include the following: (J) different substrates 
contain different nutrients, favouring the growth of some fungi over others; (2) different 
substrates contain different inhibitory chemicals, disadvantaging some fungi more than 
others; (3) differences in the gross physical structure of substrates differentially affect the 
impaction efficiency of different fungal spores; (4) differences in the fine physical structure 
of substrates differentially affect penetration and colonization by fungi; and (5) because 
different resources decay at different rates, a durable substrate often has a much longer 
exposure to the stream spora and to fungal colonization than does a more ephemeral 
substrate. 
Evidence against the overriding importance of the nutritional explanation (I above) is 
the fact that a number of the same fungal species can derive sustenance from a variety of 
plant-litter components in widely separated parts of the world (Webster and Descals 1981). 
Nevertheless, Chamier (1985) pointed to differential enzymic responses among species of 
aquatic hyphomycetes and suggested that the ability to utilize cellulose was correlated with 
the persistence of a species colonizing alder leaves. It is possible that differences in the 
concentrations of fungal nutrients (sugars, proteins, starch, cellulose, etc.) present in different 
plant products, together with differing enzymatic abilities among fungi, may provide part 
of the explanation for substrate preference. 
The presence of inhibitory chemicals (2 above), which differ considerably between 
plants, is also known to have a selective effect on mycoflora (Swift 1976; Bengtsson 1983). 
Barlocher and Oertli (1978) reported that extracts of conifer needles contained substances 
that inhibited the growth of aquatic hyphomycetes in cultures. Even within the same plant 
there can be seasonal changes in leaf tannin concentrations (Feeny 1970), in a range of 
other chemical constituents (Mauffette and Oechel 1989), and in 'woodiness' (Haslam 1988). 
A perceived problem with the action of inhibitory compounds in the aquatic environment 
is that, to have an effect, they must be mobilized, yet once mobilized they may be diluted 
and washed away from the plant tissues. Tannin and less-soluble materials that impregnate 
tissues might act more effectively through interference with the actions of fungal enzymes. 
Acacia phyllodes, which are generally more resistant to decay than are leaves of E. viminalis 
(O'Keefe and Lake 1987), appear to have high tannin and lignin concentrations (Cork and 
Pahl 1984). 
Differences in the physical structure of substrates (3 and 4 above) are also likely to play 
a role in substrate preference because there is considerable diversity in the size and shape 
of aquatic hyphomycete spores (e.g. Fig. 3). This diversity presumably has some adaptive 
significance related to the problem of achieving impaction and then colonization of a 
suitable substrate. By analogy with impaction of airborne spores (Whitney 1976), one would 
expect this problem to vary depending upon water velocities and the size and shape of 
substrate targets (e.g. a large flat leaf compared with a small twig). Webster (1959) has 
shown that the spore morphology of aquatic hyphomycetes also influences impaction 
efficiency. A proportion of the inoculum will be not spores but hyphae spreading between 
substrates in contact. It is also reasonable to presume that soft leaf tissues and the dense 
hard material of wood or some barks would require different colonization strategies. 
The presence of the cuticle and epidermis on conifer needles was suggested by Michaelides 
and Kendrik (1978) as forming a barrier capable of slowing the colonization of conifer 
needles by aquatic hyphomycetes. In the present study, it is almost certainly significant that 
the fungal floras of the undoubtably chemically different leaves of three very different 
species (A. melanoxylon, E. viminalis and P. aspera) were quite similar, whereas the fungal 
floras of the structurally different leaves, bark and twigs of the same species differed 
markedly (Fig. 5). 
The question of different resources decaying at different rates (5 above) is more subtle 
and might be responsible for the detection of an apparent rather than actual substrate 
preference. A piece of durable litter, such as wood that has been in a stream for a long 
time, might have received its initial and most influential inoculum at a completely different 
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time of the year compared with a piece of ephemeral litter sampled on the same occasion. 
Seasonal differences discussed below, and known differences in the stream spora (Thomas 
et al. 1989), indicate that this factor alone could lead to a different mix of fungal species. 
Seasonal differences apart, there is also some evidence of fungal succession developing on 
submerged litter (Thomas, Chilvers and Norris, unpublished data), and here again the 
different time scales over which this would occur on durable versus ephemeral litter could 
also be responsible for differences in the fungal flora at any given time of sampling, simply 
because they are at different stages in the succession. 
The substrate preferences detected in this study are probably based on a combination of 
the factors identified above. Controlled experiments in the field and the laboratory are 
needed to determine the relative importance of each of these mechanisms. 
Seasonal Occurrence 
Evidence was found for seasonal differences in the frequency of occurrence recorded for 
F. penicillioides, L. curvula and L. cymbiformis on both A. melanoxylon phyllodes and 
leaves of E. viminalis (maximum in summer/autumn, Figs la-le) and for Cl. aquatica and 
A. acuminata on E. viminalis leaves (maximum in spring to early summer, Figs Id and le). 
Maximum temperatures recorded for Lees Creek fell below the optimum temperature for 
growth of the aquatic hyphomycete species found in the stream (based on the temperature 
versus growth rate data of Koske and Duncan 1974 and Suberkropp 1984), so the summer 
water temperatures seem unlikely to play any controlling role. In contrast, it is evident that 
low winter temperatures would inhibit some species more than others. Although data on 
temperature versus growth rate is unavailable for L. cymbiformis, data for L. curvula 
(Webster et al. 1976) indicates that minimum temperatures in Lees Creek would tend to 
inhibit the growth of L. curvula and possibly L. cymbiformis, which is consistent with 
the seasonal patterns observed for these species. Other species (e.g. A. acuminata and 
Cl. aquatica), which are apparently more capable of dealing with low water temperatures, 
would have the opportunity to become more abundant throughout winter and spring. 
A summer/autumn-dominant species such as L. cymbiformis, which declines during 
winter, will be further reduced as a possible colonizer of other substrate types if the sub-
strate it depends on most (eucalypt leaves, Fig. 4) is also low in abundance at that time. 
Unpublished data (Thomas, Norris and Chilvers) for litterfall into Lees Creek show that, 
as in other eucalypt forests (e.g. Pressland 1982), eucalypt leaf-fall is lowest during winter 
both in absolute terms and as a percentage of litterfall. 
Comparison between Methods-Fungal Sampling 
The two different methods used to incubate and sample litter fungi have some comple-
mentary strengths and weaknesses. The static system may under-represent the number of 
fungal species because it disadvantages species that require substantial flow or turbulence 
for sporulation. Conversely, some fungi could be over-represented in the aerated incubation 
system because the extent of agitation, mixing and water flow over the litter may selectively 
stimulate spore production by some species (e.g. Webster and Towfik 1972) above that which 
would occur naturally in the stream. An advantage of the static method is that defined areas 
of leaves are compared, although the presence/absence scoring method ignores relative spore 
outputs and, depending upon disk size, relatively unimportant species may be recorded at 
a frequency similar to that of a species that is truly abundant on a leaf. The aeration 
procedure in jars gives a good measure of relative spore output and is easier to apply to a 
wide range of litter types, but there remains the problem of how to standardize the basis 
of comparison between such different structures as leaves and twigs. 
The two methods were each applied in different years (1988-89 versus 1989-90), yet 
both methods identified the same five species (A. acuminata, Cl. aquatica, L. cymbiformis, 
T. elegans and T. chaetocladium) as the most commonly occurring species on A. melanoxylon 
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phyllodes and E. viminalis leaves. Also, both methods found the same substrate preferences 
and seasonal patterns of occurrence (Figs 1 and 4); for example, L. cymbiformis was more 
abundant on E. viminalis and over summer and autumn, whereas A. acuminata was more 
abundant on A. melanoxylon and over winter and spring. The general agreement between 
the two methods enhances confidence in the findings. 
Comparison between Methods-Data Analysis 
The use of discriminant analysis in ecological studies has been called into question by 
Williams (1983), who pointed out that ecological data rarely meet all of the assumptions 
upon which the analysis is based. He suggests that the patterns observed are at best 
suggestive or preliminary and not confirmatory. Confidence in the results of the discriminant 
analysis in the present case (Table 5) is enhanced by a similar outcome from the cluster 
analysis (Fig. 5). 
Comparison with Northern Hemisphere Studies 
A majority of the species detected in this study are known from the Northern Hemi-
sphere, showing the ubiquitous nature of many aquatic hyphomycetes. At the same time, 
the detection of 19 apparently undescribed species may indicate that some species occur 
only in the Southern Hemisphere. Most studies on aquatic hyphomycete communities 
occurring on natural substrates from temperate regions of the world have dealt with streams 
flowing through deciduous forests of the Northern Hemisphere (e.g. Chamier and Dixon 
1982; Suberkropp 1984; Gonczol 1989) and with few exceptions have tended to concentrate 
on leaf material. Streams in deciduous forest types receive most of their leaf-litter input 
within the autumn and winter leaf-shedding period. Thus, in these Northern Hemisphere 
streams, the period during which aquatic hyphomycete communities can be studied on leaves 
entering the streams naturally is limited to the time taken for the autumn-shed leaves to be 
processed in the streams. In contrast, the more continuous litter input into Lees Creek has 
enabled the present study to follow fungal occurrence on a wide range of naturally entrained 
litter throughout all seasons. 
The consequent large body of data obtained has made it possible to demonstrate the 
unlikelihood of complete substrate specificity in aquatic hyphomycetes, at the same time 
showing very clearly that species exhibit substrate preferences. It also has allowed seasonal 
changes in relative abundance to be revealed. However, the mechanisms controlling substrate 
preferences and seasonal shifts in substrate preferences among the aquatic hyphomycetes 
remain to be fully elucidated. 
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